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Skinner Landfill Superfiind Site
Final 100% Remedial Design Report

3.0 GROUND WATER TREATMENT DESIGN

This section describes the components of the groundwater treatment system. As a clarification, the
terms "extracted groundwater" and "wastewater" are used interchangeably in this section.

The approved Groundwater Design Investigation Report (GWDI) and the Preliminary (30%)
Remedial Design report both envisioned discharge would be directly to the East Fork of Mill Creek.
As a result, criteria for discharge to the East Fork of Mill Creek were established by OEPA.

However, between the Preliminary Design and the Intermediate (60%) Design, it was found that a
sanitary sewer ran through the property, underneath the East Fork of Mill Creek. Further
investigation indicated that discharge to this sanitary sewer is technically viable. An Application
for Authorization to Discharge Special Wastewater (Appendix 3-1) and a Butler County, Ohio
Application for Wastewater Discharge Permit (Appendix 3-II) were submitted on January 23. 1996
to the Butler County (Ohio) Department of Environmental Services (BCDES). These applications
are pending.

It appears at this time that BCDES will accept discharge from the groundwater interception system.
Based upon review of the Sewer Use Ordinance for the Butler County Regional Wastewater System,
the intercepted groundwater meets all the criteria to be discharged to the sanitary sewer. Therefore,
this design is proceeding on the assumption that discharge to the sanitary sewer will be permitted.
If, however, discharge to the sanitary sewer is not permitted, the design of a treatment system for
direct discharge to the East Fork of Mill Creek may be reinstated.

3.1 Summary of Preliminary Investigations and Data

Groundwater analytical data and estimated volumetric loading from the six monitoring wells
installed along the proposed trench line were presented in the Groundwater Remedial Design
Investigation (GWDI) Report. The GWDI was prepared as required by the Statement of Work, and
was performed in accordance with an approved Work Plan. The GWDI was approved by U.S. EPA
and the Ohio Environmental Protection Agency (OEPA) on June 27, 1995.

Summary tables from the GWDI for organic and inorganic constituents from wells along the trench
line are provided as Tables 3.1 and 3.2. The methodology used to estimate the concentration of
constituents coming from the trench was to assume each of the monitoring wells represented a
specific section, or reach, of the trench. Loading from each reach was determined by multiplying
the concentration of the constituents found in the monitoring well by the estimated flow from the
section of the trench represented by the monitoring well. The total estimated mass of each
constituent is the sum of these individual mass components, while the composite concentration is
the total mass divided by the total flow.
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These data were compared with the effluent standards established by BCDES in the Sewer Use
Ordinance, Article II, Section 5.B, titled Local Limitations. For inorganic metals, the following table
provides a comparison.

Parameter

Cadmium

Chromium, Total

Copper

Lead

Mercury

Nickel

Zinc

Concentration, ug/1

Composite

0.00

17

20

16

0.00

28

68

BCDES Effluent Limits

50

2,820

820

80

3.1

50

1,360

With regard to organics, the ordinance does not establish a limit. However, a surcharge is incurred
for concentrations of BOD, TSS, NH3, phosphorus, and COD above a criteria concentration. The
composite concentrations were compared with the surcharge criteria.

Parameter

BOD

TSS

Ammonia( NH3)

Phosphorus

COD

Concentration, mg/1

Composite

4

See Below

Not Analyzed

Not Analyzed

163

Effluent Criteria

200

200

20

30

500
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Total Suspended Solids (TSS) anticipated in the trench effluent were discussed at length in the
GWDI. The finding of the GWDI was that it could be inferred that precipitation of dissolved solids
along with solids derived from the collection trench might result in the TSS being greater than
directly measured at the wellhead. Based upon the assumption at the time that discharge would be
to the East Fork of Mill Creek, the GWDI recommended installation of a filter to remove suspended
solids from the wastestream.

Due to the fact that discharge to the sanitary sewer was developed late in the design, the method for
dealing with the TSS has not been completely addressed in this submittal. Note, however, that the
TSS criteria in the ordinance is not a limit but rather a criteria above which a surcharge is incurred.
Total Dissolved Solids (TDS) were measured in the trench line wells during the GWDI and were
found to vary widely. The composite concentration is estimated at 1538 mg/1. However,
precipitation of solids upon contact with atmospheric conditions is expected to reduce the
concentration of dissolved solids.

The GWDI noted that several areas around and downgradient from the buried lagoon appeared to
be impacted, but there is no clear pattern of constituent distribution or plume migration. To date,
the migration, particularly of metals, appears to be limited.

No treatability studies were performed on the extracted ground water. No additional field sampling
was conducted on the trench line wells, although quarterly sampling of the IRM monitoring well
system and the surface water has continued during the GWDI and RD phase. Results from these
sampling programs are reported separately and do not contradict the findings of the GWDI.

3.2 ARAR'S and Permit Requirements

The following section is a brief discussion of the Federal and State Applicable or Relevant and
Appropriate Requirements (ARAR's) for the Skinner Landfill Remedial Design/Action, as they
relate to the treatment system and discharge to the sanitary sewer.

3.2.1 Federal ARAR's

Federal Applicable or Relevant and Appropriate Requirements (ARAR's) for the Skinner Landfill
are found as Table 3 in the Record of Decision (ROD). Under the Federal ARAR's. the
requirements for Discharge of Water Treatment System Effluent will be met by the effluent limits
established by the BCDES when a pretreatment discharge authorization is issued. Stormwater
ARAR's are covered in Section 4.0.
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") Construction of the sewer connection may result in an impact to the stream. Discussion with OEPA
indicates that the construction will have to meet the substantive requirements of a Corps of
Engineers' Section 404 Nationwide Permit. The issues to be addressed as part of this program
include erosion and sediment control, bank stability, and repair (if required) of the streambed. These
issues are addressed in Section 2.0.

3.2.2 State ARAR's

Proposed State ARAR's are found as Attachment 3 to the Statement of Work.

Surface Water

State ARAR's for surface waters are not applicable to this site because the design anticipates
discharge to a POTW. However, they are indirectly applicable and will be applied to the Skinner
site discharge through an authorization to discharge issued by the BCDES.

Air Pollution

Ohio Revised Code (ORC) 3704.05 generally prohibits violation of air pollution control rules and
Ohio Administrative Code (OAC) 3745-15-05 identifies the specific requirements regarding air
pollution control rules. There will be emissions from the site during construction due to construction

;"*•; activities. Therefore, this ARAR will need to be addressed. Section 8.5 describes air monitoring
activities to take place both during and after construction. No emissions are expected from the
discharge system after construction, so ARAR's are not applicable after construction of this feature.

Hazardous Waste

Based on present data, extracted groundwater does not meet the definition of a hazardous waste
found in OAC 3745-51. However, should a determination be made at a later date that the
groundwater does meet these criteria, the requirements of OAC 3745-50 through 3745-69 would
generally apply.

Easements and Access

The discharge to the sanitary sewer will require piping to pass through the sewer easement and into
the BCDES manhole. Generally, authorization to enter the easement is granted or inferred as part
of the authorization to discharge.

3.3 Design Approach and Requirements

The following section discusses the general concept of the discharge system, and how the system
will achieve the authorization to discharge limits as discussed in the SOW, Section II. d.
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As noted above, the initial design concept envisioned an on-site groundwater treatment system with
direct discharge to the East Fork of Mill Creek. Upon further evaluation, a sanitary sewer was found
to run underneath the creek. This sewer serves a subdivision east of the site. The sewer is
constructed of concrete and is 15 inches in diameter and approximately five feet below grade as it
runs through the Skinner site. Concrete manholes are located at directional changes.

The BCDES was contacted regarding the sewer and the POTW it serves. The sewer routes
wastewater flow to the Upper Mill Creek Wastewater Treatment Plant. This plant, according to
BCDES, is designed to accept up to 8 million gallons per day (MOD), but is currently averaging 5.5-
6.0 MOD influent flow. However, recent discussions with OEPA indicate some of the capacity may
already be allocated to other facilities. The BCDES Sewer Use Ordinance was reviewed and
limitations were compared to calculated concentrations of contaminants expected to be discharged
from the groundwater extraction system (see Tables, Section 3.1). Based upon this comparison, the
extracted groundwater should be able to be discharged directly to the sanitary sewer without
pretreatment. The PRP's submitted an Application for Authorization to Discharge Special
Wastewater (Appendix 3-1) and a Butler County, Ohio Application for Wastewater Discharge Permit
(Appendix 3-II) on January 23, 1996 to the BCDES. The application is pending.

It is recognized that the determination of the concentration of contaminants in the extracted
groundwater is based upon the data from four wells along the proposed 1400-foot-long trench. As
was pointed out in the GWDI, Preliminary Design, and Permit Application submitted to BCDES,
the extracted groundwater will be monitored to determine actual concentrations of contaminants.
If the concentration varies from the calculated values such that effluent limitations defined by
BCDES would be exceeded, corrective action will be initiated. Corrective action may include (but
not be limited to) installing any or all of the components of the treatment system originally planned
for this site. The primary components of the original treatment system included:

a. Tankage;
b. Filter to remove solids;
c. Activated carbon to remove adsorbable organic contaminants: and
d. Precipitation and/or ion exchange to remove inorganic contaminants.

These components have essentially been designed, and because of the modular nature of the design,
could be installed relatively quickly if the need arises. Work on this design has been suspended
pending evaluation of the permit application with BCDES.

3.3.1 Performance Requirements

The performance requirements will be established by the BCDES in an authorization to discharge.
The authorization to discharge has not yet been issued, so the specific requirements cannot be
identified at this time. At a minimum, the effluent will have to meet narrative standards found in
Article II, Sections 1, 2, and 3 of the BCDES Sewer Use Ordinance, as well as the numerical
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standards of Article II, Section 5.B. The general requirements for the pretreatment permit contents
are provided in the Sewer Use Ordinance, Article II, Section 1 l.C.

3.4 Design Elements Description

This section describes the monitoring system that will be installed as part of the discharge to the
sanitary sewer. The piping design and connection to the sewer is described in Section 2.0.

Discharge from the groundwater interception system will be monitored continuously, in accordance
with the Sewer Use Ordinance, Article II, Section 12.D. Flowrate will be determined using an in-
line magnetic-type flowmeter. The flowmeter will be equipped with a digital output which provides
both instantaneous flowrate and a non-resettable flow volume totalizer. The pipe carrying the
discharge flow will include two valved, 1A" ports for collection of grab and composite samples. A
composite sampler will be provided that will be capable of collecting the periodic samples on either
a time- or flow-weighted basis. To accomplish the latter, the flowmeter will provide a 4-20 milliamp
signal routed to the composite sampler. The composite sampler will be set up to collect samples
over a 24 hour period. Due to the expected variation in flow over the life of the system, the
composite sampler will have to periodically be checked and the sampling frequency and volume
collected per sample will be modified as necessary. This will ensure an adequate sample volume
is collected for analysis, and that the sample is representative of the effluent over the sampling
period. The sampler will be set up to collect the number of aliquots necessary to ensure a composite
sample over the 24-hour sampling period. A vendor brochure describing a sampler that meets the
criteria for this application is provided in Appendix 3-III.

The flowmeter and sampler will be housed in a below-grade vault. The vault will be heated to
prevent freezing of samples. .More information on the vault is provided in Section 2.0.

The piping system to the vault and from the vault to the sanitary sewer manhole will be double-
walled. The connection into the sanitary manhole is described in Section 3.4.1. All information
related to the construction is discussed in Section 3.4.1, and cost information is included in the
Section 2.0 (Groundwater Interception System Design) estimate included in Section 7.0.

3.4.1 Sanitary Sewer Tie-in

The work to be included as part of the sanitary sewer tie-in will extend from the force main
inspection manhole on the north side of the trench to the BCDES sanitary sewer manhole.
Approximately 100 feet of the distance from the inspection manhole to the connection point with
BCDES will be a force main. The 2-inch-diameter force main will have a 4-inch-diameter PVC
containment pipe. The force main will slope back to the inspection manho1^ from the manhole at
the top of the north bank of the East Fork of Mill Creek. From this manhole, the groundwater will
flow by gravity, approximately 32 feet to the BCDES existing manhole. This is shown in plan view
on Sheet 2.6.
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A sampling/flow measurement vault will be located along the force main, approximately 10 feet
south of the cut-off wall. The vault will have a drain that will convey any spillage or leaks back to
the inspection manhole on the north side of the trenches.

The gravity line will be connected to the BCDES manhole using standard sanitary sewer tie-in
methods. The gravity pipe will connect to the manhole at an elevation approximately 2 feet higher
than the existing BCDES sewer invert. The connection will be made by making a hole on the
existing manhole, setting the new gravity line and grouting around the pipe with non-shrink grout.
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03:25 PM Table 3.1

Skinner Landfill - Groundwater Remedial Design Investigation
Organic Loading and Composite Concentration

CASNo
107-06-2
71-43-2
100-41-4
79-01-6

Compound
1,2-Dichloroethene
Benzene
Ethylbenzene
Trichloroethene

Compoiite
Concentration

ug/1
0.11
2.11
0.00
0.00

ToUl
Loading

Ib/d
0.00001
0.00020
0.00000
0.00000

111-44-4
117-81-7

bi»(2-Chloroethyl)Elher
bi»(2-Ethylhexyl)phthalate

4.22
0.00

0.00040
0.00000

CASNo
107-06-2
71-43-2
100-41-4
79-01-6

Compound
1,2-Dichloroethene
Benzene
Ethylbenzene
Trichloroethene

SAMPLE OW50
Flow, gpd 1,810
Cone, ug/1 Load, Ib/d

0
0
0
0

SAMPLE GW51*
Flow, gpd 0
Cone, ug/1 Load, Ib/d

5 0
220 0
11 0
1 0

SAMPLE GW52
Flow, gpd 860
Cone, ug/1 Load, Ib/d

0
0
0
0

SAMPLE GW53
Flow, gpd 1,190
Cone, u«/l Load, Ib/d

1 0.00001
20 0.00020

0.00000
0.00000

111-44-4
117-81-7

bu(2-Chloroethyl)Ether
bii(2-Ethylhexyl)phdwl«U

0
0

41 0
1 0

0
0

40 0.00040
0.00000

CASNo
107-06-2
71-43-2
100-41-4
79-01-6

Compound
1,2-Dichloroethene
Benzene
Ethylbenzene
Trichloroethene

SAMPLE GW54
Flow, gpd 4,451
Cone, ug/1 Load, Ib/d

0
0
0
0

SAMPLE GW55
Flow, gpd 0
Cone, ug/1 Load, Ib/d

0
0
0
0

SAMPLE GW56
Flow, gpd 869
Cone, ug/1 Load, Ib/d

0
0
0
0

SAMPLE GW57
Flow, gpd 2,096
Cone, uel Load, Ib/d

0
0
0
0

111-44-4
117-81-7

bii(2-Chloroethyl)Ether
bu<2-Ethylhexyl)phlhalate

0
0

0
0

0
0

0
0

Composite Flowrate, gpd 11,276
Note*:

All results in ug/L
Parameter! not detected were not calculated.
Valuei detected but below CRDL were calculated,

except for xylene
Parameter! detected but without trigger leveli

were not calculated
Welli GW50, GW52, GW53, GW54, GW55,

GW56, and GW57 had no parameters
Detected above CRDL

* Well GWJ1 is not physically on Trench Line

Page 1,8welload.wq1
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Table 3.2

Skinner Landfill - Groundwater Remedial Design Investigation
Inorganic Loading and Composite Concentration

Compound
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc
Cyanide
IDS

Composite
Cone,

ug/l
8,623

8
3

30!
0
0

271.647
17
11
20

23,335
16

64,621
1,403

0
28

10,410
0
3

43,828
0
25
68
0

651,634

Total
Loading

Ib/d
0.811
0.001
0.000
0.028
0.000
0.000
25.546
0.002
0.001
0.002
2.213
0.001
6.077
0.132
0.000
0.003
0.979
0.000
0.000
4.310
0.000
0.002
0.006
0.000

61.281

SAMPLE GW50
Flow, gpd 1,810
Cone, ug/l Load, Ib/d

17200 0.260
0.000

8.6 0.000
1060 0.016

0.000
0.000

440000 6.642
33.6 0.001
26.5 0.000
53 0.001

52900 0.799
45.9 0.001

105000 1.585
2580 0.039

0.000
64.9 0.001

10200 0.154
0.000
0.000

69500 1.049
0.000

53.2 0.001
155 0.002

0.000
652,000 9.842

SAMPLE GW51*
Row, gpd 0
Cone, ug/l Load, Ib/d

967 0
0

18.1 0
444 0

0
0

391000 0
0
0

10.2 0
11000 0
6.6 0

125000 0
899 0

0
0

15900 0
0
0

56800 0
0
0

12 0
0

2,340,000 0

SAMPLE GW52
Flow, gpd 860
Cone, ug/l Load, Ib/d

26200 0.188
0.000

16.8 0.000
770 0.006

0.000
0.000

513000 3.679
46.5 0.000
33.2 0.000
68.8 0.000

62900 0.451
41.1 0.000

110000 0.789
2930 0.021

0.000
65 0.000

28300 0.203
0.000
0.000

35300 0.253
0.000

62.6 0.000
212 0.002

0.000
0.000

SAMPLE GW53
Flow, gpd 1,190
Cone, ug/l Load, Ib/d

5050 0.050
0.000

6.3 0.000
428 0.004

0.000
0.000

481000 4.774
13.4 0.000

0.000
0.000

22500 0.223
13.4 0.000

103000 1.022
2400 0.024

0.000
34.4 0.000

20000 0.198
0.000

29.1 0.000
35700 0.354

0.000
19 0.000
57 0.001

0.000
2,110,000 20.941

SAMPLE GW54
Flow, gpd 4,451
Cone, ug/l Load, Ib/d

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

SAMPLE GW56
Flow, gpd 869
Cone, ug/l Load, Ib/d

10900 0.079
0.000
0.000

126 0.001
0.000
0.000

388000 2.812
18.4 0.000
1X9 0.000
19.5 0.000

24000 0.174
112 0.000

107000 0.771
3290 0.024

0.000
34.4 0.000

29500 0.214
0.000
0.000

142000 1.029
0.000

29.6 0.000
66.5 0.000

0.000
2,100,000 15.220

SAMPLE GW57
Flow, gpd 2.096
Cone, ug/l Load, Ib/d

13400 0.234
42.3 0.001

0.000
93.4 0.002

0.000
0.000

437000 7.639
26.4 0.000
15.4 0.000
25.1 0.000

32400 0.566
16.5 0.000

109000 1.905
1390 0.024

0.000
34.5 0.001

12000 0.210
0.000
0.000

92900 1.624
0.000

37.3 0.001
83.8 0.001

0.000
874,000 15.278

Composite Flowrate, gpd 11,276
Note: All results ug/l

For clarity, parameter* not detected are not ihown
Ib/d-ug/l/ 1000 x 8.34 xflo»(gpil)/ 1,000.000

Comp oono (ug/l) - Ib/d / 8.34. / comp flow x I ,tMM>,no<> x 1000
• Well GW51 a not phyiically en Trench Line

1 ,metaload.wt>1





Rust Environment & Infrastructure Inc.

A Rust International Company Phone 513.733.9374
11785 Highway Drive. Suite 100 Fax 5137338213
Cincinnati. OH 45241

January 23, 1996

Mr. Jack Thornsberry
Industrial Services Manager
Butler County Department of Environmental Services
Butler County Administrative Center
130 High Street
Hamilton! Ohio 45011

Re: Skinner Landfill
Application for Wastewater Discharge Permit
Rust E&I Project No. 72680.700

Dear Mr. Thornsberry:

Per our meeting of January 18, 1996, on behalf of the Skinner Landfill PRP Group please find the
attached documents:

1. Application for Authorization to Discharge Special Wastewater

2. Butler County, Ohio Application for Wastewater Discharge Permit

These applications are for discharge of extracted groundwater from the closed Skinner Landfill
Superfund Site in West Chester. Discharge is proposed to be to the 15" sewer that runs through the
site underneath the East Fork of Mill Creek, and eventually to the Upper Mill Creek WWTP.

Design of remedial measures for the Skinner site is required by an Administrative Order on Consent
(AOC) signed by the Skinner Landfill Potentially Responsible Party (PRP) Group and U.S. EPA.
As such, U.S. EPA has technical oversight authority for the design. The Remedial Project Manager

(RPM) for U.S. EPA on this project is Jamey Bell (phone 312-886-6436). Please contact Mr. Bell
with any questions you may have regarding the regulatory authority, requirements of the AOC. or
other administrative requirements.

As I indicated to you. the discharge does not yet exist. We have proposed to U.S. EPA a design that
will include a groundwater extraction trench along the southern edge of the site to intercept
potentially contaminated groundwater. As part of the design investigation, we have installed and
sampled six groundwater monitoring wells along the line of the proposed trench. Results of analysis

Quality through teamwork



Mr. Jack Thornsberry
Butler County Department of Environmental Services
Project No. 72680.700
January 23. 1996
Page 2

of samples from these wells indicate the extracted groundwater will be substantially below the
pretreatment requirements for discharge into the sanitary sewer.

Once you have reviewed the submission, we would appreciate the opportunity to meet with you to
discuss the substantive aspects of the design and answer any questions you may have. As I indicated
on January 18, 1996 we are exploring this option rather late in the remedial design, and due to
constraints in the AOC. time is of the essence to ensure that discharge to the sanitary sewer is
technically and administratively viable.

Thank you for your consideration of this matter. If you have any questions, please do not hesitate
to contact me at (513) 483-5321.

Edward C. Copeland, P.E. CHMM
Senior Environmental Engineer

Attachments: As Noted

c: Jamey Bell. U.S.EPA '
Greg Youngstrom. OEPA
Dr. Larry Bone. Skinner Landfill PRP Group



BUTLER COUNTY, OHIO
BOARD OF COMMISSIONERS

Commissioners Butler County Department of Environmental Services
Courtney E. Combs Water - Wastewater - Solid Waste - Utter Prevention & Recycling
Sally Southard Hamilton Telephone 513/887-3061
lanet Clemmons Middletown Telephone 513/424-5351

FAX 513/887-3777
APPLICATION FOR AUTHORIZATION TO DISCHARGE

SPECIAL WASTEWATER

Note to Property Owner Signing Official: Information and data obtained from applications, permits,
monitoring programs and inspections shall be available to the public or any other government agency
without restriction unless it can be demonstrated that the release of such information is entitled to
the protection afforded by 40 CFR 403.14 entitled "Confidentiality". Submission of this application

,_ form does not constitute permission to discharge wastewater. Separate discharge authorization
documentation will be issued.

SECTION A - GENERAL INFORMATION

1. Organization Requesting Evaluation [e.g. Consulting Firm]:
A. Requestor's Name: £d Copeland
B. Organization: Rust Environment & Infrastructure Telephone: (513) 483-5339
C. Mailing Address: 11785 Highway Drive, Suite 100__________

____________Cincinnati, Ohio 45241________________

2. Wastewater Location:
A. Address: 8750 Cincinnati-Dayton_____________________

______West Chester, Ohio 45269____________________
3. Current Property Owner:

A. Contact Name: Larry Bone___________Telephone: (517) 636-2856
B. Company Name: Skinner Landfill PRP Group______________
C. Mailing Address: Dow Chemical, 2030 Dow Center____________

Midland, MI48674
I have personally examined and am familiar with the information submitted in this document and
attachments. Based upon my inquiry of those individuals immediately responsible for obtaining the
information reported within, I believe that the submitted information is true, accurate and complete.
UA

Date Signature of Property Owner or
Signing Official

Page 1 °f 2

Butler County Administrative Center • 130 High Street • Hamil ton, Ohio 45011



Application for Authorization to Discharge Special Wastewater
Butler County Water & Sewer
Page 2 of 2

SECTION B - WASTEWATER CHARACTERIZATION

All industrial wastewater discharges shall be in compliance with the Butler County Sewer Use Ordinance
(effective August, 1991).

1. Proposed Wastewater Discharge:
A. Source Description: Groundwater to be extracted and collected

from former Skinner Landfill.

B. Sewer Description: Sanitary

Note: Wastewater shall be discharged to an approved "sanitary" sewer location on
the premises of the property owner. Wastewater discharges to "storm'1 sewers
cannot be authorized by Butler County Water & Sewer.

C. Quantity: 11,000_______;______ gallons/day average
D. Flowrate: ____75_____________gallons/minute maximum
E. Type of Discharge: One Time: ______ On-going: X___

Expected duration: 30 yrs
F. Type of Pretreatment: None______________________________

2. Wastewater Analyses:

The following pollutant concentrations shall be determined from a representative water
sample [grab type] in accordance with the analytical procedures defined:

Pollutant Analytical Procedure

A. Total Lead EPA Method 239.1
B. Oil & Grease, Total Recoverable EPA Method 413.1
C. "Total Petroleum Hydrocarbons
D. pH EPA Method 150.1
E. *Ethyl-Benzene
F. *Xylene
G. *Tolulene
H. *Benzene

Notes: * Should be below detect level

(1) Laboratory analyses shall be submitted with Application.
(2) Additional analyses may be required as considered necessary.
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BLTTT_ER COUNTY, OHIO
APPUCAT1ON FOR WASTEWATER DISCHARGE PERMTT

(BASELINE MONITORING REPORT)

Complete all the information requested on this form and submit to the
Butler County Sanitary Engineer.

A. General Information

1.
2.

3.

5.

Company Name Skinner Landfill PRP Group
Mailing Address

Street 2030 Dow Center
City Midland State MI Zip A8674

Facility Address
Street 8750 Cincinnati-Dayton

State OH Zip 45269City West Chester_____

Contact Official
Name • Dr. Larry Bone_____________________________
Title Skinner Landfill PRP Group Technical Committee Chairperson
Address 2030 Dow Center, Midland, MI A867A_______________
Telephone (517) 636-2856_____________________________

Employment

Hours
Shift From To

N/A - closed site

Number of
Employees

Days of operation per week 0
Total

B. Listing of Environmental Control Permits

NPDES Permit
Permit No.(s) None
Receiving Stream(s) N/A



..._ T

Other Permits
None

C. Description of Operations
Not applicable ••• see below

1. Company: a. _________;_ manufactures a product or products
b. _________ provides a service

2. Description of Manufacturing Process
Site is a closed landfill undergoing remedial design. See
Attachment 1.

3. Standard Industr ia l Class i f ica t ion (SIC) numbers describing company
operations

N/A

If your industry is a service industry, br ief ly describe the services
provided
Skinner Landfill PRP Group is performing a remedial design in______
accordance with a CERCLA Administrative Order on Consent (AOC)._____
The Remedial Design Statement of Work (SOW) contemplated a groundwater

extraction system to collect groundwater prior to discharge. ____



5. If your industry is a manufacturing industry:

a: List pertinent Information regarding yearly production

Production Rate
Nature of Operation________No.________Units________SIC Code

N/A - closed site



b. List raw materials (including chemicals) used.

Priority
Monthly Consumption Pollutants

Raw Materials (Chemicals)_____Number_____Units______Yes No

N/A - closed site_______________________

8

10
11

JL3

16

20

(Attach additional list if necessary. 126 priority pollutants listed

on attached sheet.)



c. M»]or Industrial N/A

Major Industrial Proceia Pnrtlnent Character 1st let

.

SIC Number

Doea Ihii Proce**
Produce Wastewalar?

Yea No



D. Wastewater Flows

1. Water Consumption

Water Source Average Water Use (qpd)

Public Water
Well Supply
Other
Totals

N/A - closed site

Peak Water Use (qpd)

Wastewater Discharge

General Information

Total Industrial Flow to Sanitary Sewer 11,000*_______gpd
Method of Flow Monitoring flowmeter__________________

Flow Monitoring Period all
Daily Flows

Peak ' 75 gpm_____
Average 11,000
Minimum 0

gpd
gpd
gpd

days/month

Are there any batch discharges from the plant?
___ yes X no ..

If yes, give the number per month ____

and volume per batch Discharge from the site will be in ta rmi t tpn t .

* This is the initial estimated volume of groundwater to be
extracted per day. The volume will decrease over time.
See attached Table'11 in Attachment 2.



b. Water UM Balanc* Shea*

Industrial
Proceta Producing Waitawatar

Domestic

Procata

Cleaning or Rln*e

Cooling

Cooling Tower Dltcharoa

Other (Bollar Slowdown, ate.)

Total!

Fata of Proceii Waitewalar
Direct Discharge To

Sanitary
Sawer
qpd

Storm
Sewer
qpd

Surface
Water Courte

Discharge
qpd

Water
Courta
Name

To On-slte Treatment
Facility Followed by Dlichcrqe to r

Sanitary
Sewer
opd

Storm
Sewer
qpd

Surface
Water
Course
qpd

Recycle
qpd

>

evaporation
qpd

Total
qpd



Major
Industrial

••- Procete

See Attachments
1 and 2.

-

Typa
DUcharq*

Coot. Batch

H

Batch Olicharqa
Volume Freq. of
Gallon* Discharge

•

(

Timing of DlfcHarq*
Duration
Hours From To

Flow Rain,
qpd

Averaq*

(

Part

Destination of Dftcharq*
Sanitary
Sewer

Storm
Sewer

Water
Courie

•

Treatment
Plant

CO



E. Pollutant Measurement Data

1. Has the Industry ever conducted sampling and analysis of process
waste?
N/A - see below

•____ yes " ____ no

* Wastestream does not currently exist. However, groundwater samples
have been collected from selected points along the proposed
interception trench line. See Attachment 2.



Record of Sampling and Chemical
AnalytU of Industrial Waitewvter

Sampla Locttlon
See Attachments
2 and 3

Sample Type
Crab

.

V

Comp. Collodion Date*

.

Laboratory Conducllnq Antlyili



The following substances have been identified as being harmful or
toxic and are regulated by the Sewer Use Ordinance and/or Categorical

Pretreatment Standards. Indicate which substances are present in the
proposed waste discharge and in what concentrations. Sampling and
analysis shall be in accordance with procedures establishes by the
U.S. Environmental Protection Agency (U.S. EPA) and should be
certified by a qualified chemist.

Substance

Arsenic
Barium
Cadmium

Chromium,
(Total)

Chromium"1""
Copper
Iron
Lead
Mercury
Nickel

Phenols
Selenium
Silver
Chloride
Cyanide
Other Priority

Pollutants*

Average Daily
Concentration

(mq/1)

Average Daily
Loading

(Pounds/Day)

Maximum Daily
Concentration

(ma/1)

See Table 18 of Attachment 2

*Refer to list of priority pollutants.

11



The following substances may be compatible with the treatment
process. Indicate which substances are present in the proposed waste
discharge and in what concentration. Sampling and analysis shall be
in accordance with procedures established by the U.S. EPA and shbuld

be certified by a qualified chemist.

Average Daily
Concentration

(mq/1)

Average Daily
Loading

(Pounds/Day)

Maximum Daily
Concentration

(ma/1)

BOD (biochemical
oxygen demand)

SS (suspended
solids)

P (phosphorus)

(ammonia
nitrogen)

Oil and Grease

COD (chemical
oxygen demand)

PH

Dissolved Oxygen

See Tables 15 and 16 of Attachment 2 ani
Attachment 3.

5. Is compliance with the Sewer Use Ordinance and/or Categorical Pre-

treatment Standards being achieved for all substances listed in
Sections 3 and 4?

X Yes (Compliance will be achieved once discharge ccrsnences,
see Attachment 4).

No

Attach a signed statement by a qualified engineer testifying to this
fact.

See Attachment 4. %

If no, will additional operation and maintenance and/or pretreatment
be required to comply?

Yes

No

12



F. Residuals

Residuals include any material—liquid, sludge, slurry, ash, solid—which

must be disposed of after use in or removal from an industrial activity,
but not discharged to the County's sewer system.

cleaning solvents which are recycled but periodically changed to
provide fresh material

machining coolants which are recycled but periodically changed to
provide fresh material

sludges which result from wastewater pretreatment

unusual product

metal shavings from a grinding operation

Describe any liquid, sludge, or solid waste generated from plant
operations, including pretreatment of wastewaters which are not discharged

to the sanitary sewer.

Residual Means of Disposal

1. None___________________ _________;______;_________
2. ________________________ ________________________
3. ________________________ .. ________________________
U. ___________________________ ___________________________

5.

13



G. Plan*

,—. Include with this disclosure form a copy of the general site plans. All
.,.- sewers, sewer connections, inspection manholes, and sampling facilities,

including appurtenances by size, location, and elevation must be shown.

Indicate the location of discharges from various processes into the plant

gravity plumbing system. Also include a plan and profile sheet of all

sanitary sewers to which the plant is connected indicating the location of

the connection of the plant lateral to the collector sewer shown.

See Attachment 5.

H. Does your facility have a Spill Prevention Control Countermeasure Control
Plan? X Yes ____ No

See Attachment 6.
Describe spill detection, persons notified, methods of isolating spill in
plant drainage system, companies that can pump out spill, haul, and

dispose of it.

I. Compliance Schedule

—•"' Describe the status of wastewater treatment at your company in regard tc

meeting Categorical Pretreatment Standards

No Categorical Pretreatment Standards exist for discharge from________

CERCLA sites.

Provide a schedule of expected compliance dates

Pretreatment Facility Planning ________________ (month/year;

Design __________________ (month/year;
Initiate Construction ________________ (month/year;

Complete Construction ______________* (month/year)

Other Relevant Dates _______________ (month/year)
______________. (month/year)

* Schedule for design is mandated according to the AOC. Attachment 7
provides a letter describing the Remedial Design schedule. Completion
.of. Remedial Design will include schedule for construction.



J. Certification

The information contained in this questionnaire is familiar to me, and to
the best of my knowledge and belief, such information is true, complete,
and accurate.

Signature of Offfcfer or Owner

J
Signature of QualHISa Engineer

Title

Date

c -
Title

Date



129 Priority Pollutants

2,4,6 TRICHLOROPHENOL
P CHLORO-M-CRESOL
2-CHLOROPHENOL
2,4 DICHLOROPHENOL
2,4 DIMETHYLPHENOL
2-NITROPHENOL
4-NITROPHENOL
2,4-DINITROPHENOL
4,6-DINITRO-O-CRESOL
PENTACHLOROPHENOL
'PHENOL
ACENAPHTHENE
BENZIDINE
1,2,4-TRICHLOROBENZENE
HEXACHLOROBENZENE
HEXACHLOROETHANE
BIS(2-CHLOROETHYL)ETHER
2-CHLORONAPHTHALENE
1.2-DICHLOROBENZENE
1.3-DICHLOROBENZENE
1.4-DICHLOROBENZENE
3,3-DICHLOROBENZIDINE
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
1,2-DIPHENYLHYDRAZINE
FLUORANTHENE
4-CHJLOROPHENYL PHENYL ETHER
4-BROMOPHENYL PHENYL ETHER
BIS(2-CHLOROISOPORPYL) ETHER
BIS (2-CHLOROETHOXY) METHANE
HEXACHLOROBUTADIENE
HEXACHLOROCYCLOPENTADIENE
ISOPHORONE
NAPHTHALENE
NITROBENZENE
N-NITROSODIMETHYLAMINE
N-NITROSODIPHENYLAMINE
N-NITROSODI-N-PROPYLAMINE
BIS(2-ETHYLHEXYL)PHTHALATE
BUTYL BENZYL PHTHALATE
DI-N-BUTYL PHTHALATE
DI-N-OCTYL PHTHALATE
DIETHYL PHTHALATE
DIMETHYL PHTHALATE
BENZO(A)ANTHRACENE
BENZO(A)PYRENE
3,4-BENZOFLUORANTHENE
BENZO(K)FLUORANTHENE
CHRYSENE
ACENAPHTHYLENE

ANTHRACENE
BENZO(GHI)PERYLENE
FLUORENE
PHENANTHRENE
DIBENZO(A,H)ANTHRACENE
INDENO(1,2,3-CD)PYRENE
PYRENE
ACROLEIN
ACROLONITRILE
BENZENE
CARBON TETRACHLORIDE
CHLOROBENZENE
METHYL BROMIDE
1,2-DICHLOROETHANE
1,1,1-TRICHLOROETHANE
1,1-DICHLOROETHANE .
1,1,2-TRICHLOROETHANE
1,1,2,2-TETRACHLOROETHANi
CHLOROETHANE
2-CHLOROETHYLVINYL ''ETHER
CHLOROFORM
1,1-DICHLOROETHANE
1.1-TRANS-DICHLOROETHANE
1.2-DICHLOROPROPANE
CIS-1,3-DICHLOROPROPYLENE
ETHYLBENZENE
METHYLENE CHLORIDE
METHYL CHLORIDE
BROMOFORM
DICHLOROBROMOMETHANE
TRICHLOROFLUOROMETHANE
CHLORODIBROMOMETHANE
TETRACHLOROETHYLENE
TOLUENE
TRICHLOROETHENE
VINYL CHLORIDE
TOTAL XYLENES
ALDRIN
DIELDRIN
CHLORDANE
4,4-DDT
4,4-DDE
4,4-DDD
ALPHA ENDOSULFAN
BETA ENDOSULFAN
ENDOSULFAN SULFATE
ENDRIN
ENDRINE ALDEHYDE
HEPTACHLOR
HEPTACHLOR EPOXIDE

(OVER)



ALPHA BHC
BETA BHC
PCB 1242
LINDANE - GAMMA BHC
DELTA BHC
PCB 1254
PCB 1221
PCB 1232
PCB 1248
PCB 1260
PCB 1016
TOXAPHENE
METHOXYCHLOR
ANTIMONY (T)
ARSENIC (T)
ASBESTOS (FIBROUS)
BERYLLIUM (T)
CADMIUM (T)
CHROMIUM (T)
COPPER (T)
CYANIDE (T)
LEAD (T)
MERCURY (T)
NICKEL (T)
SELENIUM (T)
SILVER (T)
THALLIUM (T)
ZINC (T) .
2,3,7,8 - TETRACHLORO DIBENZO-P-DIOXIN (TCDD)



ATTACHMENT 1

WASTEWATER GENERATION DESCRIPTION



SKINNER LANDFILL SITE
WEST CHESTER, BUTLER COUNTY OHIO

WASTEWATER GENERATION DESCRIPTION

The Skinner Landfill site located in West Chester has been designated by the U.S. EPA for inclusion
on the National Priority List (NPL), which identifies sites which potentially present an
environmental hazard and should be remediated. To that end, U.S. EPA entered into an
Administrative Order on Consent (AOC) with the Skinner Landfill Potentially Responsible Party
(PRP) Group to design remedial measures to address apparent contamination. The attached
information provides a brief summary regarding the site, including location, history, and
requirements of the AOC. The information was copied directly from the Preliminary Design
submitted to the PRP Group to U.S. EPA. The Preliminary Design describes the initial design bases
and facilities that will be installed to remediate the site.

One part of the Preliminary Design is for groundwater interception trench at the site to intercept and
collect potentially contaminated groundwater to prevent it from migrating off-site. To evaluate the
location, flow characteristics, and chemical makeup of the groundwater to be intercepted, a
Groundwater Design Investigation (GWDI) was undertaken. Groundwater monitoring wells were
installed at selected points along the proposed interception trench line. Soil characteristics, including
permeability, groundwater level, and likely groundwater production volumes were determined from
samples taken in these groundwater monitoring wells. From these data, an estimated volume of
groundwater that could be extracted by the trench was developed (See Attachment 2. Table 11).
Note in this table that, from a maximum estimated flow of 11,276 gallons per day, the flowrate is
expected to lessen over time to only 564 gallons per day as the soil is dewatered and an impermeable
cap is installed over the site.

Samples of the groundwater were collected from the wells along the trench line and analyzed for the
full range of chemical constituents. Results of these analyses are provided in Attachment 2 and
Attachment 3. Results indicate that the level of contaminants present is very low.

It must be noted that the results found in the GWDI are based upon six individual well points on the
proposed trench line. Since the trench to be installed is over 1400 feet long, these points may or may
not be fully representative of the volume or character of the groundwater that will be extracted once
the trench is actually installed. Additional monitoring wells would not appreciably improve the
characterization. Therefore, while the data from these wells is indicative of the character of the full-
scale system, actual results may vary from the design values presented herein.



Skinner Landfill Superfund Site
30% Remedial Design Report

1.0 INTRODUCTION

This document presents the 30% design of remedial measures for the Skinner Landfill Superfund

Site (Skinner Landfill), located in West Chester, Butler County, Ohio. The following sections

provide general information about the site, site history, and an overview of the structure of this

Remedial Design Report.

1.1 General

This Remedial Design (RD) has been prepared in accordance with the Administrative Order on

Consent (AOC) for the Skinner Landfill Site between the United States Environmental Protection
Agency (USEPA) and the Skinner Landfill PRP Group, dated March 29, 1994. The AOC,
Statement of Work (SOW), and attachments present the selected remedial actions for the site and
the requirements for design of the selected remedies. The RD has been prepared to provide

details and construction requirements to allow for implementation of the remedial actions.

The remedial design as outlined in the SOW consists of several parts. These are:

a. Fencing
b. Institutional Controls
c. Landfill Cover
d. Downgradient Groundwater Control
e. Upgradient Groundwater Control
f. Soil Vapor Extraction
g. Monitoring and Testing of:

1. Groundwater,
2. Surface water,
3. Air,
4. Compliance Boundaries,
5. Radiological Monitoring, and
6. Soil and Wastes.

ecc/gp/drm72680.skn 1 September 22, 1995



Skinner Landfill Superfund Site
30% Remedial Design Report

Many of these elements have been covered in separate submittals. Fencing was installed in 1993

and is currently being maintained through bi-weekly inspections. Pursuant to the December 9,

1992 Unilateral Administrative Order, monitoring and testing of the groundwater and surface

water has been conducted as part of the Interim Remedial Measures (IRM) and will continue in

accordance with an approved Work Plan. The IRM groundwater monitoring program has been
conducted quarterly at six wells starting July 6, 1993. Results have indicated sporadic and

spatially variable detections of contaminants. Surface water sampling has been conducted since
April 1994. The purpose of the surface water sampling was to establish background conditions

of the East Fork of Mill Creek. Also in accordance with the requirements of the AOC, a RD

Work Plan for completion of these activities was prepared by the PRP's on August 25, 1994 and

approved by USEPA on September 23, 1994. A report evaluating the feasibility of SVE was

submitted to USEPA, on September 6, 1995. USEPA agreed with the finding that SVE is not a
viable process at the Skinner site.

The SOW required the performance of certain site investigations. These investigations were the
^~ w

Groundwater Design Investigation (GWDI) and Contaminated Soils Design Investigation (CSDl).
USEPA approved the GWDI and CSDI Reports on June 27, 1995, and these two documents are
incorporated into the RD by reference.

This 30% Remedial Design report consists of several primary design elements. The firs: element

of the design is downgradient groundwater control via installation of a groundwater interception

mechanism. The second element is the treatment and controlled discharge of the collected

groundwater. The third design element is a landfill cover that meets or exceeds the substantive

requirements of RCRA Subtitle C. A fourth part of this remedial design is the generation of

supporting plans, including a performance monitoring plan, a quality assurance project plan, a

health and safety plan, a contingency plan, a field sampling plan, and an institutional controls

strategy.

ecc/gp/drm726SO.skn 2 Seotember 22, 1995



Skinner Landfill Superfund Site
30% Remedial Design Report

1.2 Site Location and Description

The Skinner Landfill Site is located approximately 15 miles north of Cincinnati, Ohio near the

City of West Chester, Butler County, Ohio, Township 3, Section 22, Range 2. The site is located

along Cincinnati-Dayton Road as shown in Figure 1.1. The site is bordered on the south by the

East Fork of Mill Creek, on the north by wooded, inactive land, on the east by Consolidated

Railroad Corporation (Conrail) right-of-way, and on the west by Skinner Creek.

The site is located in a highly dissected area that slopes from a till-mantled bedrock upland to a

broad, flat-bottomed valley that is occupied by the main branch of Mill Creek. Elevations on the

site range from a high of nearly 800 feet above mean sea level (MSL) in the northeast to a low
of 645 feet near the confluence of Skinner Creek and the East Fork of Mill Creek. Both Skinner

Creek and the East Fork of Mill Creek are small, shallow streams. Both of these streams flow
to the southwest from the site toward the main branch of Mill Creek. A third on-site stream,

Dump Creek, borders the former landfill on the east; this creek is intermittent and flows south

into the East Fork of Mill Creek. Three shallow ponds are also located on the site.

1.3 Site History and Background

The property was originally developed as a sand and gravel mining operation, and was

subsequently used as a landfill from 1934 to 1990. According to EPA studies, materials deposited

at the site include demolition debris, household refuse and a wide variety of chemical wastes. The

waste disposal areas include a now-buried waste lagoon near the center of the site and a landfill.

According to EPA studies, the buried lagoon was used for the disposal of paint wastes, ink
wastes, creosote, pesticides, and other chemical wastes. The landfill area, located north and

northeast of the buried lagoon, received predominantly demolition and landscaping debris.

In 1976, the Ohio EPA initiated an investigation of the site in response to reports of a black oily

liquid that was observed during a fire call to the site. Before the OEPA could complete the

ecc!$p/drm72680.skn 3 September 22, 1995



Skinner Landfill Superfund Site
30% Remedial Design Report

investigation, the landfill owners, the Skinners, covered the lagoon with a layer of solid waste and

other debris. Mr. Skinner further dissuaded the OEPA from accessing the site by claiming that

nerve gas, mustard gas and explosives were buried in the landfill. The OEPA requested the

assistance of the U.S. Army after obtaining this information. Mr. Skinner later retracted his

statements concerning buried ordnance, and a records review performed by the Army in 1992

revealed no evidence of munitions disposal at the site.

In 1982 the site was placed on the National Priority List by the USEPA based on information

obtained during a limited investigation of the site. The investigation indicated groundwater

contamination had occurred as a result of the buried wastes. In 1986 a Phase I Remedial

Investigation was conducted that included sampling of groundwater, surface water, and soil as

well as a biological survey of the East Fork of Mill Creek and Skinner Creek. A Phase E

Remedial Investigation was conducted from 1989 to 1991 and involved further investigation of
groundwater, surface water, soils and sediments. A Baseline Risk Assessment and Feasibility

Study were completed in 1992. The Record of Decision (ROD) was signed on June 4, 1993.

- The field investigations have revealed that the most contaminated media at the site is the soil from

the buried waste lagoon. Lower levels of contamination were also found in soils on other portions

of the site and hi the groundwater, and very low levels were found in the sediments of East Fork

of Mill Creek, Skinner Creek, and the Duck and Diving Ponds. Migration of the landfill

constituents has been limited, and the Phase II RI concluded that there had been no off-site

migration of landfill constituents via groundwater.

t

1.4 Remedial Design Report Organization

There are three primary elements to the design: the groundwater interception, the groundwater

treatment, and the landfill cover. Because each of these functions is considered a unique

operation, it is broken into separate sections. Each section is considered a self-contained unit,

with separate design discussion, element description, installation and operation methodologies,
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Skinner Landfill Superjund Site
30% Remedial Design Report

drawings, and supporting documentation. This is done to allow separate preparation of bid and

contract documents for each of these functions. Section 2.0 provides the groundwater interception

design, Section 3.0 the groundwater treatment design, and Section 4.0 the landfill cover.

To support these design elements, the SOW specified certain additional documents be included

in the RD. Section 5.0 describes the overall contracting strategy to be used for implementation

of the RA. Section 6.0 (not included in the 30% design report) is a Remedial Action Work Plan

that brings together all the design elements into a cohesive site implementation plan. Section 7.0

(not included in the 30% design report) provides a cost estimate for Remedial Action. Section

8.0 consists of the revised Site Management Plans that were first developed as pan of the Work

Plan for Remedial Design. These documents include the QAPP, FSP, HASP, and SPCC, AMP

and Contingency Plan. Section 9.0 (not included in the 30% design report) provides discussion
of the Long Term Site management operations that will be conducted during the RA and after the

remedial measures are in place. Finally, Section 10.0 provides the information on the operation
of the facilities.
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ATTACHMENT 2

SELECTED DATA TABLES FROM
SKINNER LANDFILL GROUND WATER DESIGN

INVESTIGATION REPORT,
NOVEMBER 9, 1995



01/28/95

10:3-1 AM

Tabl

Skinner Landfill - Groumlwntcr Remedial Design Investigation
Gronndwatcr Flow into Trench

Unit length GW Well Hydraulic Influenced
ofTrench Zone Conductivity Thickness

X K II
Station (ft) (gpd/sf) (ft)

0+50 100 GW50 0.31 10
1+50 100 GW50 0.31 22
2+50 100 GW52* 0.31 16
3+50 50 GW52 0.03 21
4-1-50 No Collection Trench from Slnlion 3 1 00 to Slntion rt-i-50
5-1-50 Add 50 ft. on either side to be conservative
6-1-50 100 GW53 1.19 10
7+50 100 GW54* 1.19 15
8+50 100 GW54* 1.19 10
9+50 100 GW54* 1.19 7

10+50A 100 GW56* 1.19 5
11+50A 100 GW56 3.43 2
12+50A 100 GW57* 3.43 5
13+50A 100 GW57 1.19 4

Iteration //I
Initial

Length of Collected
Influence Flow

L Q
(fl) (ppm)
5 0.22
5 1.04
5 0.55
5 0.05

5 0.83
5 1.86
5 0.83
5 0.40
5 0.41
5 0.19
5 1.19
5 0.26

Total (gpm) 7.8

Total (gpd) 11,276

Iteration U2
Mid-term

L Q
(ft) (gpm)

15 0.07
15 0.35
15 0.18
15 0.02

15 0.28
15 0.62
15 0.28
15 0.13
15 0.14
15 0.06
15 0.40
15 0.09

gpm 2.6

gpd 3,759

Iteration #3
Long term

L Q
(ft) (gpm)
25 0.04
25 0.21
25 0.11
25 0.01

25 0.17
25 0.37
25 0.17
25 0.08
25 0.08
25 0.04
25 0.24
25 0.05

gpm 1.6

Bpd 2,255

Iteration #4
Long term

L Q
(ft) (fipm)
100 0.01
100 0.05
100 0.03
100 0.00

100 0.04
100 0.09
100 0.04
100 0.02
100 0.02
100 0.01
100 0.06
100 0.01

gpm 0.4

gpd 564
Nolcs:

Vilncj K, A II iolctlcd per 100 M klnlimiini; usini;

cln^c^l well K vnluc nml Mtcjouicil II

• How calculations used higher vuluc fiom tdjucenl well

lor inoic ciWNemilivo np|ti"nrli
A Trench flow is from lwo(balli) sides. therefore

Dow quantity was doubled

Pige 1. sknnrla.wbl

Flow Projection by Monitoring Well Zone (gpd)
GW50
GW52
GW53
GW54
GW56
GW57

1,810
860

1,190
4,451

869
2,096

603
287
397

1,484
290
699

362
172
238
890
174
419

91
43
60

223
43

105



01/28/95
*-37 AM

Table 15

Skinner Landfill - Groundwater Remedial Design Investigation
Field Data - Trench Line Wells

Well

GW-50

GW-51

GW-52

GW-53

GW-54

GW-55

GW-56

GW-57

Sampling
Event

Temp, C

13.6
13.0
13.0
10.8
12.8
10.4
13.6
12.5
14.1
9.3
14.2
11.5
15.2

! 11.5
| 13.7
| 12.8

Cond
mu/cm
0.741
0.775
2.500
2.430
0.720
0.595
2.000
2.180
1.118
1.478
2.460
2.260
2.060
2.310
1.763
1.794

PH
su

7.37
7.56
6.98
7.05
7.82
9.26
6.98
6.94
7.38
7.50
7.22
7.18
6.87
6.93
7.14
6.88

Turbidity
ntu

>200

>200
>200

>200
>200
>200

>200
>200

>200
>200
>200
>200

Remarks

!
OLIVE TAN GRAY I

I
Bailers used on all wells EXCEPT GW-51 (Keck Pump)

50 obuined on BW5 1 dated 1 1-1 1-94



01/28/95

10:38 AM

Table 16

Skinner Landfill - Groundwater Remedial Design Investigation
Design Parameters Data

Well No.
GW50
GW51
GW53*
GW54
GW56
GW57

TOX
mg/l

<0.5
<0.5
2.1

<0.5
<0.5

TGC
mg/l

3.4
29.8
16.9

33.1
27.2

COD
mg/l

44
313
141

196
264

Sulfide
ma/I

0.2U
0.2U
0.2U
0.2U
0.2U
0.2U

TDS
ma/l

652
2340
2110

2100
874

TKN
mg/l

2.3
2.8
2.5

23.6
1.8

BOD
mg/l

3U
3U
3U

7
3D

4
Notes:
"U" designation indicated the parameter was not detected
"<" designation indicates parameter was below CRDL
Not enough sample in Well GW54 to complete all analyses
TOX - Total Organic Halides
TOX - Total Organic Carbon
COD - Chemical Oxygen Demand
•^S - Total Dissolved Solids

- Total Kjeldahl Nitrogen
BOD - Biochemical Oxygen Demand

Page 1, Design.wql
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1.31 PM Table 17

Skinner Landfill - Groundwater Remedial Design Investigation
Organic Loading and Composite Concentration

T.\S No ICoraoound
07-06-2
•1-43-2
OO-il-4
•9-01-6

1.2-Dichlorocthene
Benzene
Ethvlbenzene
Trichloroethcne

Proposed
Limit

5
5
5
5

Composite
Concentration

us/1
0.11
2.11
0.00
0.00

Total
Loading

Ib/d
0.00001
0.00020
0.00000
0.00000

IM4-4
.17-81-7

bisi'2-ChloroethvDEther
bisf2-Elhvlnexvrtohlhalatej

13.6 1
10 I

4.22
0.00

0.00040
0.00000

rASN'o IComoound
1 07-06-2 1 1 .2-DichIoroethene
: 1-43-2
100-IM
79-01-6

lll-U-4
117-81-7

Benzene
Elhvlbenzene
Trichloroethene

Proposed
Limit

3
5
5
5

SAMPLE GW50
Flow, tpd 1.310
Cone, ug/1 Load, Ib/d

0
0
0
0

SAMPLE GW51'
Flow, zpd 0
Cone, ua/1 Load. Ib/d

3 0
220 0

11 0
1 0

SAMPLE GW52
Flow, gpd 860
Cone, uo/1 Load. Ib/d

0
0
0
0

SAMPLE GT»;j
Flow. «pd 1.190
Cone. va\ load. .Tvc

1 0.00001
20 0.00020

0.00000
0.00000

birf2-ChlofoelhvnEther
bisC-Ethvlhexvllphthalate

13.6
10

.0
0

41 0
1 0

0
0

40 0.00040
0.00000

<~ -.-*fc\ iComtxjund
'••v** *i |1.2-Dichloroethene

Tl-:3-2 1 Benzene
100-41-4
79-OM

Elhvlbenzene
Trichloroethcne

Proposed
Limit

5
5
5
5

SAMPLE GW54
Row. gpd 4.431
Cone, uz/1 Load, llv'd

0
0
0
0

SAMPLE GW3J
Flow. «pd 0
Cone, ua/1 Load. Ib/d

0
0
0
0

SAMPLE GW36
Flow, ipd 869
Cone, ua/1 Load. Ib/d

0
0
0
0

SAMPLE G '̂57
Flow, rod 2.096
Cone, ua/1 Load, ib/'d

0
0
0
0

111-14-4
117^1-7

bistt-ChloroethynEthcr | 13.6
bis<2-Eihvlhex>-l'h>hthalate) 10

0
0

0
0

0
0

0
0

Composite Flo\viate, gpd 11,276
Xoies:

.\J1 results in ual.
Pvamclcrs not detected were not calculated.
Values detected but below CRDL were calculated,

except for xylene
Parameters detected but without trigger levels

were not calculated
\Velli GW50, GW52. GW53, GW54, GW53,

G'vV56. and GW57 had no parameters
Detected above CRDL

' Well GNV51 is not physically on Trench Line



1/18/95

1:48 PM
Table 18

Skinner Landfill - Groundwater Remedial Design Investigation
Inorganic Loading and Composite Concentration

Compound
aluminum
\nlimony
srsenlc
tarium
lerylllum
'.admium
;alclum
Chromium
:obalt
Copper
'on
ead
lagneslum
Manganese
lercury
llckel
'olasslum
elenlum
.liver
, odium
hallium
'anadium
line
Cyanide
OS

Proposed
Limit

190
100

5

100

52

5-4

0.200
200

5
to

16

410
10

1,500,000

Composite
Cone.

ug/1
8.623

8
3

301
0
0

271,647
17
11
20

23,535
16

64,621
1.403

0
28

10,410
0
3

45,828
0

25
68
0

651,634

Total
Loading

Ib/d
0.811
0.001
0.000
0.028
0.000
0.000

25.546
0.002
0.001
0.002
2.213
0.001
6.077
0.132
0.000
0.003
0.979
0.000
0.000
4.310
0.000

0.002
0.006
0.000

61.281

SAMPLE GW50
Flow.gpd 1,810
Cone, ug/1 Load, Ib/d

17200 0.260
0.000

8.6 0.000
1060 0.016

0.000
0.000

440000 6.642
33.6 0.001
26.5 "0.000
53 0.001

52900 0.799
45.9 0.001

105000 1.585
2580 0.039

0.000
64.9 0.001

10200 0.154
0.000
0.000

69500 1.049
0.000

53.2 0.001
155 0.002

0.000

652.000 9.842

SAMPLE GW5V
Flow, gpd 0
Cone, ug/1 Load, Ib/d

967 0
0

18.1 0
444 0

0
0

391000 0
0
0

10.2 0
II 000 0
6.6 0

125000 0
899 0

0
0

15900 0
0
0

56800 0
0
0

12 0
0

2.340,000 0

SAMPLE GW52
Flow, gpd 860
Cone, up/1 Load, Ib/d

26200 0.188
0.000

16.8 0.000
770 0.006

0.000
0.000

513000 3.679
46.5 0.000
33.2 0.000
68.8 0.000

62900 0.451
41.1 0.000

110000 0.789
2930 0.021

0.000
65 0.000

28300 0.203
0.000
0.000

35300 0.253
0.000

62.6 0.000
212 0.002

0.000
0.000

SAMPLE GW53
Flow.gpd 1.190
Cone, ug/1 Load, Ib/d

5050 0.050
0.000

6.3 0.000
428 0.004

0.000
0.000

481000 4.774
13.4 0.000

0.000
0.000

22500 0.223
13.4 0.000

103000 1.022
2400 0.024

0.000
34.4 0.000

20000 0.198
0.000

29.1 0.000

35700 0.354
0.000

19 0.000
57 0.001

0.000
2,110,000 20.941

SAMPLE GW54
Flow, gpd 4.451
Cone, ug/1 Load. Ib/d

0
0
0
0
0
0
0
0
0
0
0
0

0
0

0
0

0
0

0
0
0
0
0
0
0

SAMPLE GW56
Flow, gpd 869
Cone, ug/1 Load, Ib/d

10900 0.079
0.000
0.000

126 0.001
0.000
0.000

388000 2.&I2
1 8.4 0.000
12.9 0.000
19.5 0.000

24000 0.174
12.2 0.000

107000 0.775
3290 0.024

0.000
34.4 0.000

29500 0.214
0.000
0.000

142000 1.029
0.000

29.6 0.000
66.5 0.000

0.000
2.100,000 15.220

SAMPLE GW57
Flow, gpd 2.096
Cone, ug/1 Load, Ib/d

13400 0.234
42.3 0.001

0.000
93.4 0.002

0.000
0.000

437000 7.639
26.4 0.000
15.4 0.000
25.1 0.000

32400 0.566
16.5 0.000

109000 1.90S
1390 0.024

0.000
34.5 0.001

12000 0.210
0.000
0.000

92900 1.624
0.000

37.3 0.001
83.8 0.001

0.000
874,000 15.278

Composite Flowrate, gpd 11.276
Jole: All results ug/1
For clarity, pinmclcn not detected arc not 1'iown
ll>/d-ug/l/ 1000 x 8.34 xdow(gpd)/ 1,000.000

:omp cone (ug/1) - Ib/d / 8.34. / comp flow x 1,000,000 x 1000

Well GW51 ii not physically on Trench Line

melaload.wbl
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TOTAL ANALYTICAL SERVICES fOP A SAFE ENVIRONMENT

environmental inc.

Project No.: J42I373
Log ir. So. :22571.22;E7,22623
P.O. Ho. : 72:30.300

Date : Dec. 3:.1554

SUMMARY DATA REPORT

PACKAGE FOR

Ruse Environment t Infrastructure

11735 Highway Drive - Suite 100

Cincinnati, OH 45241

ATTN: Jim Veith
REF: SKINNER RDI,PROJ#72680.300

LABORATORY

NUMBER

SAMPLE
IDENTIFICATION

TYPE 0?
SAMPLE

S E E N E X T P A G E

WE CERTIFY THAT THIS REPORT IS A
TRUE REPORT OF RESULTS OBTAINED

FROM OUR TESTS OF THIS MATERIAL.

NYS Lab ID. #10195
NJ Cert. #73469
cc: Rust 12 Metro Park Drive

12 Metro Park Drive
Albany, NY 12205
Attn: Ed Fahrenkoph

Report on sampled) furnished by client applies to sample(s) Report on sample(s) obtained by us applies only to lot sampled Information
contained herein is not to be used lor reproduction except by special permission. Sample(s) will be retained lor thirty days maximum after aate of
report unless specifically requested otherwise by client. In the event that there are portions or pans- of sampie(s) remaining atier Nyiesl has
completed the required tests. Nytesl lhall have the option of returning such sample(s) to the client at the client's expense

box 1518 a 60 sea view blvd., port Washington, ny 11050 a (516) 625-5500



NYTEST ENVIRONMENTAL Inc.

LABORATORY SAMPLE TYPE
NUMBER IDENTIFICATION SAMP

2257101 SKGW52 Wate
2257102 SKGW54 Wate
2257103 TRIPBLK Wate

*5



NYTEST ENVIRONMENTAL Inc

LABORATORY SAMPLE TYPE 01
NUMBER IDENTIFICATION SAMPLE

2258701 GW5301 Water
2258702 SKFD01 Water
2258703 GW5601 Water
2258704 GW5701 Water
2258705 GW5001 Water
2258706 GW5001MS Water
2258707 GW5001MSD Water
2258708 GW5101 Water
2258709 SKFB01 Water
2258710 GW5501 Water
2258711 TRPBLK ' Water



NYTEST ENVIRONMENTAL Inc.

LABORATORY SAMPLE TYPE C:
NUMBER IDENTIFICATION SAMPLE

2262801 GW5001 Water
2262802 GW5001MS Water
2262803 GW5001MSD Water
2262804 GW5101 Water
2262805 GW5201 Water
2262806 GW5301 Water
2262807 FD5301 Water
2262808 GW5401 Water
2262809 GW5501 Water
2262810 GW5601 Water
2262811 SKFB01 Water
2262812 GW5701 Water
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NARRATIVE DISCUSSION
VOLATILES - 22571,22587
_____________________

SDG No. : SKIN6
INTRODUCTION

This narrative covers the analysis of twelve (12) samples in
accordance with protocols based on USEPA CLP (3/90).

HQT.niNG TIMES

The analytical holding time for this analysis was met.

CALIBRATIONS

All required minimum RRFs and maximum t RSD initial calibration
requirements have been met in accordance with the Method.

All required minimum.RRFs and maximum £ D continuing calibration
requirements have been met in accordance with the Method.

METHOD BLANKS

The method blanks associated with these samples met all method
requirements.

SURROGATES

All surrogate recoveries met QC criteria.

^MATRIX SPIKES

Sample GW5001 was utilized in the MS/MSD series. All spike
recoveries fell within the advisory QC limits. Two (2) out of
five (5) RPD values fell outside advisory QC limits.

INTERNAL STANDARDS

All area responses and retention times fell within acceptable
ranges.

SAMPLE COMMENTS

The concentration of Benzene exceeded the highest calibration
standard in sample GW5101. The second sample vial was utilized
for a diluted analysis. Results yielded a concentration of
Benzene lower than expected.

The TICs identified as "Unknown Siloxane" are most proJbaJbly cue
to column degradation and not. sample constituency.

No further analytical problems were encountered.

00002



NARRATIVE DISCUSSION
SEMIVOLATILES - 22571, 22587

SDG NO. SKIN6
INTRODUCTION

This narrative covers the analysis of ten (10) samples
in accordance with protocols based on USEPA CLP (3/90).

HOLDING TIMES

The extraction and analytical holding times for zhis
analysis were met.

CALIBRATIONS

Required minimum RRFs and maximum %RSD initial calibration
requirements have been met in accordance with the method.

Required minimum RRFs and maximum %D continuing calibration
requirements have been met in accordance with the method.

METHOD BLANKS

No target or non-target analytes were detected in the method
blank.

SURROGATES

All samples met surrogate QC criteria.

MATRIX SPIKES

Sample GW5001 was utilized in the MS/MSD series. Eight (=• of
twenty two (22) spike recoveries fell above advisory QC
limits. All RPD values fell within QC limits.

INTERNAL STANDARDS

All area responses and retention times fell withir. an
acceptable range.

SAMPLE COMMENTS

No analytical problems were encountered.

00003
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NON-CONFORMANCE SUMMARY
(Case Narrative)

/C!̂  Login No.: 22571, 22587

The samples were analyzed according to the required protocols,
No problems were encountered.

m
-*«
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NARRATIV DISCUSSION
WATER CHEMISTRY - 22587

As previously notified, due to a holding time issue, BOD was not
analyzed. Resampling was to be performed and results wil fellow
under a separate login number.

00005
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I certify that this data package is in compliance with the terms
and conditions of the contract, both technically and for
completeness, for other than the conditions detailed above. Release
of the data contained in this 1 ardcopy data package has been
authorized by the Laboratory Mary
by the following signature.

c er or ignee, as verified

Remo Giaarite. Exec. VP

OOOOG
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—————————————————XH————————————5———————=^
VOLATILE ORGANICS ANALYSIS DATA SHEET

GW5001
Lab Name: NYTEST ENV INC Contract: 9421375

Lab, Code: NYTEST Case No.: 22571 SAS No. : SDG No. : SKIS'6

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. _____

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: ___ (uL)

Lab Sample ID: 2258705

Lab File ID: M1038.I:

Date Received: 11/19/54

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliouot Volume:

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

74-87-3--- ——
74-83-9 ————
75-01-4--- ——
75-00-3 ————
•"7C no o
67-64-1 -----
75-15-0-- ——
75-35-4- -----
75-34-3--- ——
540-59-0 — ——
67-66-3 ————
i m nc o
•7Q QT -J

71-55-6------
56-23-5 ----- -
7^-97-4 ----i j £• i ^
-7Q Q'-J C

10061-01-5---
TO m a/y — \JjL o -
124-48-1 —— --
79-00-5------
71-43-2------
10061-02-6---
*"7 C O C *"1/ b - 2 b - 2 - - - - - -
108-10-1-----
CQT TO C

127-18-4-----
79-34-5------
i no OQ T _-LUo OO J
T AQ Qn 1

100-41-4-----
100 4? S-- --J^\J \J £ £* ~J

1330-20-7----

- - - Chloromethane
o vî TYiî wn̂  ̂ Vi *^ n /^

---Vinyl Chloride
- - -Chloroe thane
---Methylene Chloride

^VV_«^> ̂Vv/HIv

---Carbon Disulfide
- - - 1 , 1 -Dichloroethene
---1,1 -Dichloroethane
-- -1,2 -Dichloroethene (total) _
---Chloroform
---1,2 -Dichloroethane
- - - 2 -Butanone
---1,1,1 -Trichloroethane
---Carbon Tetrachloride
- - -Bromodichloromethane
---1,2 -Dichloropropane
---cis-1, 3 -Dichloropropene
- - -Trichloroethene
- - -Dibromochloromethane
---1,1,2 -Trichloroethane

i-J ̂- A ± 4* \~ I i'——

- - - trans -1,3 -Dichloropropene
- - -Bromof orm

1 JV^^XA Y JL. ^. ^. Va.A*^»Ti4 t AV^^A\^

---2-Hexanone
- - -Tetrachloroethene
---1,1,2,2 -Tetrachloroethane
---Toluene

^i±^\*> A, \~>U'^fmj **~,ii\~'
- - - -Ethylbenzene
•---Styrene.
----Xylene (total)

10
10
10
10
2
8
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

. 10
10
10
10
10
10
10
10

u
u
u
u
J3
J
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
J3

FORM I VOA

00008
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VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

GW500I
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: _____(uL)

Number TICs found: 3

Lab Sample ID: 2258705

Lab File ID: M1038.D

Date Received: 11/19/94

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume: (uL)

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

-11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME

UNKNOWN SILOXANE
UNKNOWN SILOXANE
UNKNOWN SILOXANE

RT

12.230
17.085
21.214

EST. CONC.

T_-;
43
IS

Q
J
3
J

FORM I VOA-TIC
00009
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VOLATILE ORGANICS ANALYSIS DATA SHEET

GW5101
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No. : SDG No. : SKIN6

j Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: (uL)

Lab Sample ID: 2258706

Lab File ID: M1036.D

Date Received: 11/19/94

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume: __

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

74-87-3-------- -Chloromethane_____________
74-83-9- —— --——Bromomethane_________________
75-01-4 ——— — -Vinyl Chloride_________
75-00-3---------Chloroethane__________
75-09-2—.-————Methylene Chloride
67-64-1---------Acetone
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene______
75-34-3 ---------1,1-Dichloroethane______
540-59-0--------l,2-Dichloroethene (total)
67-66-3---------Chloroform____________\
107-06-2--------1,2-Dichloroethane______
78-93-3---------2-Butanone________________
71-55-6---—---1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride_____
75-27-4 -------- -Brotnodichlorome thane______
78-87-5---------1,2-Dichloropropane_____
10061-01-5------cis-l,3-Dichloropropene__
79-01-6---------Trichloroethene________
124-48-1--------Dibromochloromethane____
79-00-5---------1,1,2-Trichloroethane___
71-43-2---------Benzene______________
10061-02-6------trans-l,3-Dichloropropene_
75-25-2---------Bromoform________________
108-10-1--------4-Methyl-2-Pentanone____
591-78-6--------2-Hexanone____________
127-18-4--------Tetrachloroethene______
79-34-5---------1,1,2,2-Tetrachloroethane_
108-88-3--------Toluene_______________
108-90-7--------Chlorobenzene_________
100-41-4--------Ethylbenzene___________
100-42-5--------Styrene________________
1330-20-7—-----Xylene (total) '

10
10
10'
25
3
10
10
10
1
5
10
10
10
10
10
10
10
10
1
10
10
220
10
10
10
10
10
10
4
2
11
10
8

JB
U
U
U
J
J
U
U
U
U
U
U
U
U
J
U
U
E
U
U
U
U
U
U

U
JB

(Ui.)

FORM I VOA

00010
3/90



INU.
VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

GW510I
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: _____(uL)

Number TICs found: 4

Lab Sample ID: 225870S

Lab File ID: M1036.D

Date Received: 11/19/94

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume: _

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME

UNKNOWN
UNKNOWN AROMATIC
UNKNOWN AROMATIC
UNKNOWN AROMATIC

RT

11.300
20.765
21.261
22.739

EST. CONC.

8
10
9
15

Q
J
J
J
J

iti

i !1 I

1

FORM I VOA-TIC
00011

3/90



1A
VOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

GW5103J
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: (uL)

Lab Sample ID: 225870S

Lab File ID: M1047.D

Date Received: 11/19/54

Date Analyzed: 11/22/54

Dilution Factor: 5.0

Soil Aliquot Volume: _

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

T A Q 1 "374-0 /-J------

74-83-9--- ——
75-01-4 —— ——
75-00-3 ————
/ D \jy £•

67-64-1 ————
TC ic n
75-35-4 ————
/o — j*±— o
540-59-0 -----
67-66-3 ———— -
T m c\c o
7ft Q'}_T______/O— 3JJ
71-55-6 —————
56-23-5 ----- -
75 27 4---/ -J *» ' ~
•-7Q Q«-T C

10061-01-5---
-in r>1 C/y UJL-O------
124-48-1-----
79-00-5------
71-43-2-- —— -
10061-02-6---
75-25-2t ~J £t ~J £•

108-10-1-----
C Q 1 *7Q d

127-18-4-----
79-34-5------
T n Q Q Q O

XUO 3U - /
100-41-4-----
100-42-5 —— --
1330-20-7----

- - -Chlorome thane
- - -Bromome thane
---Vinyl Chloride
- - -Chloroe thane
---Methylene Chloride

---Carbon Disulfide
- - -1 , 1-Dichloroethene
- - -1 , 1-Dichloroe thane
---1,2 -Dichloroethene ( total ) _
- - -Chloroform
---1,2 -Dichloroe thane
- - - 2 -Butanone
---1,1, 1-Trichloroethane
---Carbon Tetrachloride
- - -Bromodichlorome thane
---1,2 -Dichloropropane
---cis-1, 3-Dichloropropene
- - -Trichloroethene
- - -Dibromochlorome thane
---1,1, 2 -Trichloroe thane
- - -Benzene
- - - t rans -1,3 -Dichloropropene
---Bromoform

* *v^^4Ajr .1. 4* *- V^»A A ̂ » t. 4 1 1\J1 lv».

- - - 2 -Hexanone
- - -Tetrachloroethene
---1,1,2,2 -Tetrachloroethane
•---Toluene
• - - -Chlorobenzene
• - - -Ethylbenzene
----Styrene
----Xylene (total)

50
50
50
20
22
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
77
50
50

-. 50
50
50
50
50
50
50
50
50

U
7Tlu*

JD
J3D
U
U
U
U
U
U
U
U
U
U
U
U
U
U
J

C

^

(J

U
U
U
U
U

FORM I VOA

00012
3/90



—————__ 1E _____
VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

EPS.

GW510IDL
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ________

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: _____(uL)

Number TICs found: 0

Lab Sample ID: 22587C6

Lab File ID: M1047.D

Date Received: 11/19/94

Date Analyzed: 11/22/54

Dilution Factor: 5.0

Soil Aliquot Volume: ____(uL)

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

. 11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME RT
=:==s ===s

EST. CONC. Q

•

,

FORM I VOA-TIC

00013
3/90



1A ~ ~ ~~
VOLATILE ORGANICS ANALYSIS DATA SHEET

GW5301
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No. : SDG No. : SXIXS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: (uL)

CAS NO. COMPOUND

Lab Sample ID: 2258701

Lab File ID: M1032.D

Date Received: 11/19/54

Date Analyzed: 11/21/54

Dilution Factor: 1.0

Soil Aliquot Volume: ____(uL)

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L C

74-87-3 ———— -
74-83-9 —————
t-j p— /"\ «i >•75-01-4------
75-00-3-- ———
7q_09-9------/ — / W -/ ^

67-64-1 —— ——
75-15-0 -----
75-35-4-- ----
75-34-3 — —— -
540-59-0-- ——
67-66-3------
i m r\c ">
•7Q Q1 -J

71-55-6 ----- -
56-23-5-- —— -
7q_?7_4__ _ _/ »J £* 1 ±
rro 0*7 c

10061-01-5---
TQ m c
124-48-1-----
79-00-5 —— ---
71-43-2------
10061-02-6---
T C •"! C O/b-zb-2- -- -- -
108-10-1-----
C Q1 T Q £

197 1R-4-- --JL 4& / JL U i

79-34-5------
-ino QQ o_ __xuo-oo-j — — -
ins an '7-_.LUG -y(j i
100-41-4-----
100-42-5-----
1330-20-7----

- - - Chlorome thane
- - -Bromome thane
---Vinyl Chloride
- - -Chloroe thane
---Methylene Chloride
- - -Acetone
---Carbon Disulfide
- - -1 , 1-Dichloroethene
- - - 1 , 1-Dichloroe thane
---1,2-Dichloroethene (total) _
- - -Chloroform
---1,2 -Dichloroethane
- - - 2 - But anone
---1,1,1 -Trichloroethane
---Carbon Tetrachloride
- - -Bromodichloromethane
---1,2 -Dichloropropane
---cis-1, 3 -Dichloropropene
- - -Trichloroethene
- - -Dibromochlorome thane
---1,1,2 -Trichloroethane

J_f^-l Â J *fc.i 1C-

- - - trans -1,3 -Dichloropropene
- - -Bromof orm
- - - 4 -Methyl - 2 - Pentanone

O TT^^tF-— »*-i^^v^y^- - z - nexajione
- - -Tetrachloroethene
---1,1,2, 2 -Tetrachloroe thane
---Toluene
- - -Chlorobenzene
- - -Ethylbenzene
---Styrene
---Xylene (total)

10
10
10
6
3
10
10
10
2
1
10
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10
3

"J
u
u
J
U
u
u
u
J
vj

u
u
u
u
u
u
u
u
u
u

^

u
u
u
u
u
u
u
u
u
•J

FORM I VGA

00014
3/90



i'JLa RU.
VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

GW530I
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN5

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ________

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: _____(uL)

Number TICs found: 0

Lab Sample ID: 2258701

Lab File ID: M1032.D

Date Received: 11/19/S4

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume:

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

GAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME

•

RT EST. CONC. Q

FORM I VOA-TIC

00015
3/90



VOLATILE ORGANICS ANALYSIS DATA SHEET

GW5501
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: (uL)

Lab Sample ID: 2258710

Lab File ID: M1037.D

Date Received: 11/19/54

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume:

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

"IA. Q7 1 - - - -lt~O / J _ _ _ _
74-83-9 ------
75-01-4 — — —
75-00-3 ————
•7t:_oq_0______/ -J \J J £t

67-64-1 ————
7^-1 *>-f\------/D-JLO — u- — — — - -

75-35-4 ————
75-34-3 ————
540-59-0-----
67-66-3--- ——
107-06-2 ———
•7Q Q-J -J _/o—yj—j
71-55-6 ————
56-23-5 ————
75-27-4------
•70 0-7 c

10061-01-5---
79-01-6------
1 94.-48-1 -----±.£1 *± ^E U J-

79-00-5------
71-43-2------
10061-02-6---
75-25-2------
108-10-1-----
CQT *7Q £T

TOT TQ A _ — -J_Z / - J_O ~*±

79-34-5------
i no OQ "j _J.UB OO J -
J.UO j\J 1
100-41-4-----
100-42-5-----
1330-20-7----

- - - Chloromet hane
- - -Bromome thane
---Vinyl Chloride
- - -Chloroe thane
---Methylene Chloride

£~Vh*C L-V-̂ l 1*—

---Carbon Bisulfide
- - - 1 , 1 -Dichloroethene
- - - 1 , 1-Dichloroe thane
---1,2 -Dichloroethene (total) _
- - -Chloroform
- - - 1 , 2 -Dichloroe thane
- - - 2 -Butanone
---1,1,1 -Trichloroethane
---Carbon Tetrachloride
- - -Bromodichlorome thane
---1,2 -Dichloropropane
---cis-1, 3 -Dichloropropene

i. L. JL^llXv^i. WCL.11̂ .11C

- - -Dibromochloromethane
---1,1,2 -Trichloroethane
---Benzene
---trans-1, 3 -Dichloropropene
---Bromoform
- - - 4 -Methyl - 2 - Pentanone
---2-Hexanone

•---1,1,2,2 -Tetrachloroethane
•---Toluene
- - - - Chlorobenzene
- - - -Ethylbenzene
----Styrene
----Xylene (total)

10
10
10
10
3
6
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

. 10
10
10
10
10
10
10
10

u
u
u
u
JB
J
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
JB

FORM I VGA

00016
3/90



VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

GW5501
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)
•

Soil Extract Volume: _____(uL)

Number TICs found: 0

Lab Sample ID: 2258710

.Lab File ID: M1037.D

Date Received: 11/19/34

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume: _

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

(uL)

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME RT EST. CONC. Q

FORM I VOA-TIC

00017
3/90



VOLATILE ORGANICS ANALYSIS DATA SHEET

GW5601
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: (uL)

Lab Sample ID: 2258703

Lab File ID: M1034.D

Date Received: 11/19/94

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume: _

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

74-87-3 ——— --
74-83-9 ------
75-01-4 ------
75-00-3 ————
•~ic no o

67-64-1- —— --
75-15-0 ------
75-35-4 ——— -
75-34-3 —— ---
540-59-0-----
an cc 1
T ("1*7 f\C ~i

•7Q Q1 1/{j — yj-j- — ----
71-55-6 ————
56-23-5 ————
75-27-4 —— ---
•7Q QT C

10061-01-5---
TQ m c.
JL^Tt ^ O X

79-00-5------
71-43 2 - --
10061-02-6---
75 ?R 2 - ---f ™J £j ~J £*

108-10-1-----
C Q1 TO cDyj.- /O-D-
1 O T T Q yl12 /-18-4-----
79-34-5------
i no QQ TO-Uo-oO O
T no on *7
100-41-4-----
1 On-47-S-- - - •JLW VJ ^ ̂ i .J

1330-20-7----

- - -Chlorome thane
- - -Bromomethane
---Vinyl Chloride
- - -Chloroe thane
---Methylene Chloride

fV** ̂ * \***JH.\mr

---Carbon Disulfide
---1,1 -Dichloroethene

/ -L J_/ ̂  <w J. i_L ̂  J. ̂CdiCLLiC

---1,2- Dichloroethene (total) _
- - -Chloroform
- - -1 , 2-Dichloroethane
---2-Butanone
---1,1, 1-Trichloroe thane
---Carbon Tetrachloride
- - -Bromodichlorome thane
---1,2 -Dichloropropane
- - -cis-1 , 3 -Dichloropropene
- - -Trichloroethene
- - -Dibromochlorome thane
---1,1,2 -Trichloroethane

LJWll^jd J.W

- - - t rans -1,3 -Dichloropropene
---Bromoform
- - - 4 -Methyl - 2 - Pentanone
---2-Hexanone
- - -Tetrachloroethene
•---1,1,2,2 -Tetrachloroethane
•---Toluene
• - - -Chlorobenzene
• - - -Ethylbenzene
----Styrene
----Xylene (total)

10
10
10
10
2
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

• 10
10
10
10
10
10
10

u
u
u
u
03
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
(J
u
u
u
u
u
u
L
JB

FORM I VGA

00018
3/90



VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

GW5601
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: _____(uL)

Number TICs found: 2

Lab Sample ID: 2258703

Lab File ID: M1034.D

Date Received: 11/19/S4

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume: ___(uL)

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME

UNKNOWN
UNKNOWN

RT

5.031
6.738

EST. CONC.

63
120

Q

J
J

FORM I VOA-TIC

00019
3/90

t=J



1A
VOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

GW5701
Lab Name: NYTEST ENV INC Contract: 9421375

-, Lab Ccxie: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: __ (uL)

Lab Sample ID: 2258704

Lab File ID: M1035.D

Date Received: 11/19/94

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume: ___

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

(uL)

'-I/I 01 1

74-83-9 ——— -
75-01-4 ————
75-00-3 ————
7q_ng_2-_-_ -/ -J \J ̂ £*

67-64-1 ————
75-15-0 ——— --
75-35-4 ——— --
75-34-3 —— ---
540-59-0-- ——
67-66-3- ——— -
107-06-2 —— --
•70 Q-3 -5

71-55-6 ————
56-23-5------
75-77-4-- -/ v*> *. t ~
•-10 a-i c _/ O-O / D
10061-01-5---
•"7Q m a
1 94-4R-1 ---- -J.̂ *± *± O J-

79-00-5------
71-43-2 —— ---
10061-02-6---
*~7C O C O

108-10-1-----
C Q1 "7Q Coy J. /o - o - -
127-18-4-----
79-34-5-- —— -
t rt Q Q Q O

i np on T _ _j_uo y\J /
_LUU 'r-L rfc

100-42-5-----
1330-20-7----

- - -Chlorome thane
- - -Bromome thane
---Vinyl Chloride
- - -Chloroe thane
---Methylene Chloride

.fÛ w L.W11O

---Carbon Disulfide
/ _L L/.Ll~IU.(J.LvJcL.llCllC

- - - 1 , 1 -Dichloroethane
---1,2-Dichloroethene (total) _
- - -Chloroform
---1,2 -Dichloroethane
---2-Butanone
---1,1,1 -Trichloroethane
---Carbon Tetrachloride
- - -Bromodichloromethane
---1,2 -Dichloropropane

-̂•J-O 1- f ~J Lŷ .̂ llJLWJ- W^JJ- vJLJdlC

- - -Trichloroethene
- - -Dibromochlorome thane
---1,1, 2 -Trichloroethane

J-J \vll4_l ̂-.1 H— •

- - - t rans -1,3 -Dichloropropene
---Bromoform
- - - 4 -Methyl - 2 - Pentanone
---2-Hexanone
- - -Tetrachloroethene
---1,1,2,2 -Tetrachloroethane
---Toluene
- - - Chlorobenzene
- - -Ethylbenzene
---Styrene
•---Xylene (total)

10
10
10
10
2
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

u
u
u
u
J3
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
(j
u
u
u
u
u
u
u
u
u
u
J3

FORM I VOA

00020
3/90



IE
VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

GW5701
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: _____(uL)

Number TICs found: 2

Lab Sample ID: 2258704

Lab File ID: M1035.D

Date Received: 11/1S/S4

Date Analyzed: 11/21/54

Dilution Factor: 1.0

Soil Aliquot Volume: ___(uL)

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME

UNKNOWN
UNKNOWN

RT

5.031
6.738

EST. CONC.

65
110

Q

J
J

FORM I VOA-TIC

00021
3/90



1A
VOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

SKF301
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: (uL)

Lab Sample ID: 225870S

Lab File ID: M1028.D

Date Received: 11/19/94

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume: __

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

T A Q*~t "374-8 /-j-------
74-83-9 ——— ——
75-01-4 ———— --
75-00-3 —————
*7C f\Q O

67-64-1 ——— ---
75-15-0-------
75-35-4 —————
7R-TA-T-- -/ .J J Tt J

540-59-0------
c."i aa "3o / — ooj
i m nc o
TO Q1 1 - _/ Q — yj - J
71-55-6- ————
56-23-5 —————
7C,_97_4._______/ ̂  ^ / ^t
TO Q T C/o-o /-b-------
10061-01-5 ———
79-01-6-------
124-48-1- —— --
79-00-5-------
71 43-2
10061-02-6----
•"7C O C O

108-10-1------
can "7Q coyj.-/o D-- -
T O ̂  T Q /IIz / J.o-4
79-34-5-------
T no BQ Txuo-oo -3
T no an nL\JO yu- /
100-41-4------
i nn-49-s -^. \j \j ^.£t ~j
1330-20-7-----

- -Chlorome thane
- -Bromomethane
--Vinyl Chloride
--Chloroe thane
--Methylene Chloride
rtOc UUllc

--Carbon Disulfide
- - 1 , 1 -Dichloroethene
- - 1 , 1-Dichloroethane
--1,2 -Dichloroethene (total) _
--Chloroform
--1,2 -Dichloroe thane
--2-Butanone
--1,1, 1-Trichloroethane
--Carbon Tetrachloride
- -Bromodichloromethane
--1,2 -Dichloropropane
- -cis- 1 , 3 -Dichloropropene
- -Trichloroethene
- -Dibromochloromethane
--1,1,2 -Trichloroethane
--Benzene
- - trans -1,3 -Dichloropropene
--Bromoform
- - 4 -Methyl - 2 - Pentanone

O Û ^̂ _*-̂  «^«->«^ j-i^ riexaJione
1 c L JL dC_,IlXOi, OtiL-ilcilc

--1,1,2, 2 -Tetrachloroethane
- -Toluene
- -Chlorobenzene
- -Ethylbenzene
--Styrene
--Xylene (total)

10
10
10
10
3
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

'•• 10
10
10
10
10
10
10
10

u
u
u
u
J3
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
o
u
u
u
u
u
u
u
u
u
u
u
J3

2
FORM I VGA

0002
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IE
VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

SKFB01
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SXIN6

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: _____(uL)

Number TICs found: 0

Lab Sample ID: 2258709

Lab File ID: M1028.D

Date Received: 11/19/94

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume: ___(uL)

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME RT EST. CONC. Q

FORM I VOA-TIC

00023
3/90



1A
VOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

SKFD01
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

%. Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: (uL)

Lab Sample ID: 2258702

Lab File ID: M1033.D

Date Received: 11/19/94

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliouot Volume:

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

74-87-3 ————
1A Q"3 Q

75-01-4 ——— --
75-00-3 ——— -
7C_nq -? - - -__-
67-64-1 —————
75-15-0 ————
75-35-4 ————
75-34-3 ————
540-59-0-----
67-66-3--- ——
i f\n r\c r>
•70 Q-a -3

71-55-6 ——— --
56-23-5 ——— --
7 q _ O 7 _ 4 _ _ _ _
*7Q PT c:

10061-01-5---
•70 ni K.
1 94-48-1- -- -JL £* Jt TS \J J-

79-00-5------
71-43-2--- ——
10061-02-6---
7R 25-2---- -/ -J £* ~J £*

108-10-1-----
591-78-6-----
T O O T O A

79-34-5------
T A Q O O OlUo-oo- j---- -
108-90-7-----
100-41-4-----
100-42-5-----
1330-20-7----

- - -Chloromethane
— — — DitjUKJUltJUIlcLllti

- - -Vinyl . Chloride
- - - Chloroethane
---Methylene Chloride

^~lw w ^Vw/llv.*

---Carbon Disulfide
/ JL UJ-t,Il-HJZ vJcLIlCIlC

---1,1 -Dichloroethane
---1,2 -Dichloroethene { total ) _
---Chloroform
---1,2 -Dichloroethane
- - - 2 -Butanone
---1,1,1 -Trichloroe thane

V—dZ-i-XJIl J.6u^clL.iU.vJI. XCIc
- - -Bromodichloromethane
- - - 1 , 2 -Dichloropropane

v ^ - L o ^ L / J UiC.il_LvJl.v->{JA.(-'{Jt:JLlt-
1. JL .l.l~ii.l.WJL WC L-AAV-ilt.

- - -Dibromochlorome thane
---1,1, 2 -Tr ichloroethane

4_*W4 ̂ i-t Vvl ^V^

- - - trans -1,3 -Dichloropropene
---Bromoform
- - - 4 -Methyl - 2 - Pentanone
---2-Hexanone
- - -Tetrachloroethene
---1,1,2, 2 -Tetrachloroethane
---Toluene

- EI criy j-Dciizene
---Styrene

----Xylene (total)

10
10
10
5
2

10
10
10

2
1

10
10
10
10
10
10
10
10
10
10
10
12
10
10
10
10
10
10
10
10
10
10
1

u
u
u
J

J3
U
u
u
J
J
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u

JB

FORM I VOA

00024
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IE
VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

SKFD01
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: _____(uL)

Number TICs found: 0

Lab Sample ID: 2258702

Lab File ID: M1033.D

Date Received: 11/19/S4

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume: __ (uL)

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME RT EST. CONC. Q

FORM I VOA-TIC

00025
3/90



1A
VOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

SKGW52
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: (uL)

Lab Sample ID: 2257101

Lab File ID: M1030.D

Date Received: 11/18/94

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume: __

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

74-87-3--- ——
HA Q1 Q

75-01-4 ————
7c_nn_-3_ _ _ _ _/ O \J\J J — — — —

75-09-2--- ——
67-64-1 ————
75-15-0 ------
75-35-4 —— *--
75-34-3-- ———
540-59-0-----
67-66-3 ——— --
107-06-2 ——— -
"7ft a*)-")------/O— JJJ
Tl C C C/1-bb-b------
56-23-5------
7c;_07_A______/ «j ̂  / ^
•7Q Q7 C _ _loo / — 3
10061-01-5---
•70 m c/y-U-L-O- - — -

124-48-1-----
79-00-5------
71-43-2------
10061-02-6---
7R 2S-2---/ -J £f ~J *•*

108-10-1-----
CQ-I -7Q Ciyi- /o-b
127-18-4-----
79-34-5------
TOD QQ "3J.UO OO O
i no on *7lUo yu /
100-41-4-----
100-42-5-----
1330-20-7----

- - -Chlorome thane
- - -Bromome thane
---Vinyl Chloride
- - -Chloroe thane
---Methylene Chloride

£-Uv w L.V.JJ..LC

---Carbon Disulfide
/ x LJj-\^mL.\j±. wcu-AA^^^ic

- - - 1 , 1 -Dichloroethane
---1,2-Dichloroethene (total) _
---Chloroform
---1,2 -Dichloroethane
---2-Butanone
---1,1, 1 -Trichloroe thane
---Carbon Tetrachloride
- - -Bromodichlorome thane
---1,2 -Dichloropropane
- - -cis-1 , 3 -Dichloropropene

JL J_ ̂ wlX^V^JL v^^ I>A AS^A A^^

- - -Dibrcmochloromethane
---1,1,2 -Trichloroethane

Y-j -.____--_. _^cenzene
---trans-1, 3 -Dichloropropene
---Bromoform
- - -4 -Methyl - 2 -Pentanone
- - - 2 - Hexanone
- - -Tetrachloroethene
---1,1,2, 2 -Tetrachloroethane
- - -Toluene

V_ll_LkJ.L W^jN—iiitt^ii^.

- - -Ethylbenzene
----Styrene
----Xylene (total)

10
10
10
10
3
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

u
u
u
u
J3

U
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
J3

FORM I VOA
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IE
VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

SKGW52
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: _____(uL)

Number TICs found: 0

Lab Sample ID: 2257101

Lab File ID: M1030.D

Date Received: 11/18/94

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume: ___

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME RT EST. CONC. Q

FORM I VOA-TIC

00027
3/90



1A
VOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

SKGW54
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: (uL)

Lab Sample ID: 2257102

Lab File ID: M1031.D

Date Received: 11/18/94

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume: __

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

74-87-3---------Chloromethane__________
74-83-9---------Bromomethane__________
75-01-4 —— --—Vinyl Chloride_________
75-00-3---------Chloroethane
75-09-2---------Methylene Chloride
67-64-l---------Acetone _________
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene______
75-34-3---- -----1,1-Dichloroe thane _____
540-59-0--------1,2-Dichloroethene (total)
67-66-3---------Chloroform____________\
107-06-2--------1,2-Dichloroethane______
78-93-3------- - -2 -Butanone_^__________
71-55-6---------1,1,1-Trichloroethane ~
56-23-5---------Carbon Tetrachloride_______
75-27-4---------Bromodichloromethane____
78-87-5---------l,2-Dichloropropane_____
10061-01-5------cis-l,3-Dichloropropene__
79-01-6---------Trichloroethene________
124-48-1--------Dibrcmcchloromethane____
79-00-5---------l,l,2-Trichloroethane___
71-43-2---------Benzene_______________
10061-02-6------trans-l,3-Dichloropropene_
75-25-2---------Bromoform_____________
108-10-l--------4-Methyl-2-Pentanone____
591-78-6--------2-Hexanone____________
127-18-4--------Tetrachloroethene______
79-34-5---------l,l,2/2-Tetrachloroethane_
108-88-3--------Toluene______________
108-90-7--------Chlorobenzene_________
100-41-4--------Ethylbenzene___________
100-42-5--------Styrene_______________
1330-20-7-------Xylene (total)_________

10 |
10
10
10
3
17
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
1

10
10
10
10
10
10
10

u
u
u
u

J3

u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
J
u
u
u
u
u
u
u

JB

(uL)

FORM I VGA
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IE
VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

SKGW54
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: _____(uL)

Number TICs found: 0

Lab Sample ID: 2257102

Lab File ID: M1031.D

Date Received: 11/18/54

Date Analyzed: 11/21/S4

Dilution Factor: 1.0

Soil Aliquot Volume: ___(uL)

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME RT EST. CONC. Q

FORM I VOA-TIC

00029
3/90



1A
VOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

TRIP3LK
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: __ (uL)

Lab Sample ID: 2257103

Lab File ID: M1029.D

Date Received: 11/18/94

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume:

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

(uL)

74-87-3- ——— -
74._aT_q_____../ *± O J J

75-01-4 —— ---
75-00-3 —— ——
7R-09-?--- --/ J \J ̂ £•

67-64-1 -----
75-15-0------
75-35-4 —— — -
75-34-3 ——— -
540-59-0-----
67-66-3 —— ——
107-06-2-- ——
•7Q Q"i O _ _ __ _/O-3J— J ----- -
71-55-6------
56-23-5 —— — -
75-97-4. ----/ — / ^ / ^
••7 Q O T C7o-o /-b------
10061-01-5---
•7Q r\n c _ _/;7 — UJ.-O
124-48-1-----
79-00-5------
T\ -4-3-9 _- --/ J- * J ^

10061-02-6---
VK.TC O- -/ ~J £• -J £•

108-10-1-----
CQ"1 *7Q C.

"[71 Tfl 4 ----.Lib / J_ W X

79-34-5------
-LUO OO J
n n o Q n ' 7 _ -xuo - yu /
100-41-4-----
100-42-5-----
1330-20-7----

- - -Chlorome thane
- - -Bromome thane
---Vinyl Chloride
- - -Chloroe thane
---Methylene Chloride

.TaXoC IvWllC

---Carbon Disulfide
---1,1 -Dichloroethene
---1,1 -Dichloroethane
-- -1,2 -Dichloroethene (total) _
---Chloroform
---1,2 -Dichloroethane
---2-Butanone
---1,1,1 -Tr ichloroethane
---Carbon Tetrachloride
- - -Bromodichlorome thane
---1,2 -Dichloropropane
---cis-l, 3-Dichloropropene ____
- - -Trichloroethene
- - -Dibromochloromethane
---1,1,2 -Tr ichloroethane
---Benzene
- - -trans-1 , 3 -Dichloropropene
---Bromoform
- - -4-Methyl-2-Pentanone
---2-Hexanone
- - -Tetrachloroethene
•---1,1,2,2 -Tetrachloroethane
- - - -Toluene
- - - -Chlorobenzene
• - - - Et hylbenzene
----Styrene
----Xylene (total)

10
10
10
10
7
10
10
10
10
10
10
10
10
10
10
10

' 10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
3

u
u
u
u
J3
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u

uri

FORM I VGA

00030
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-T"

IE
VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

TRIFBLK
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: _____(uL)

Number TICs found: 0

Lab Sample ID: 2257103

Lab File ID: M1029.D

Date Received: 11/18/54

Date Analyzed: 11/21/S4

Dilution Factor: 1.0

Soil Aliquot Volume: ____(u!)

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME RT EST. CONC. Q

-as FORM I VOA-TIC

00031
3/SO



1A
VOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

TRP3LX
Lab Name: NYTEST ENV INC Contract: 9421375 ________

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: (uL)

Lab Sample ID: 2258711

Lab File ID: M1027.D

Date Received: 11/19/94

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume: __

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

74-87-3 ------
74_QT_Q______/ *± OJ 3

75-01-4 —— ---
75-00-3 ————
*7C C\Q O

67-64-1 ——— --
75-15-0 ------
75-35-4-- ----
75-34-3------
540-59-0- ———
67-66-3 ——— -
107-06-2 ———
TQ CO "3

71-55-6--- - —
56-23-5-- ———
/ o — ̂  / *± — — — — — —
•7Q Q-7 C _ _ _ _ _1 O~O 1 D- — - - -

10061-01-5---
•70 n i £/i?-UJ. ~ O
124-48-1-----
79-00-5------
71 41-2---/ -L. ^ —> £>

10061-02-6---
••7 C O C O

108-10-1-----
C Q 1 TO £Tbyj. /o D--
1 T7 IP A- - - - -i./. 1 -J.O ^ — — - - -
79-34-5 —— ---
T n o o o TlOo-oo-.}-
inQ an T---J.UO J\J~ 1
100-41-4-----
100-42-5-----
1330-20-7----

- - -Chlorome thane

---Vinyl Chloride

---Methylene Chloride
f-Vv C- k^vxHw

---Carbon Disulfide
- - -1 , 1-Dichloroethene
- - - 1 , l-Dichloroethane
---1,2-Dichloroethene (total)
---Chloroform
---1,2 -Dichloroe thane
---2-Butanone
---1,1,1 -Trichloroethane
---Carbon Tetrachloride
- - -Bromodichlorome thane
---1,2 -Dichloropropane
---cis-1, 3 -Dichloropropene
- - -Trichloroethene
- - -Dibromochloromethane
---1,1,2 -Trichloroethane

T5tsenzeiic
- - - trans -1,3 -Dichloropropene
---Bromoform
-- -4 -Methyl-2-Pentanone
---2-Hexanone
- - -Tetrachloroethene
----1,1,2, 2 -Tetrachloroethane
----Toluene
- - - -Chlorobenzene
- - - -Ethylbenzene
----Styrene
----Xylene (total)

10
10
10
10
7
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
3

• u
u
u
u
J3
U
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
JB

FORM I VOA
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IE
VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

TRPBLK
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix: .(soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: _____(uL)

Number TICs found: 0

Lab Sample ID: 2258711

Lab File ID: M1027.D

Date Received: 11/19/94

Date Analyzed: 11/21/94

Dilution Factor: 1.0

Soil Aliquot Volume: (uL)

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME RT EST. CONC.

•

Q

FORM I VOA-TIC

00033
3/90



IB
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

GW5001
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)__

Concentrated Extract Volume: 1000(UL)

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Lab Sample ID: 2258705

Lab File ID: R2122.D

Date Received: 11/19/94

Date Extracted:11/23/94

Date Analyzed: 12/20/94

Dilution Factor: 1.0

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

1 r\Q QC O

111-44-4 ———
OC CT O

541-73-1 ———
106-46-7 ———
Q^-^0-1 -- --
95-48-7 ———
108-60-1 ———
106-44-5 ———
621-64-7----
C1 T) 1
Q Q QC *3

•7Q CQ 1
O O *7C Cbo- /b-b-----
O.UOD / y
i on QI o
TOO OO 1

q-i _on-l-----J? J- ^ W — >

106-47-8----
Q*"7 £T Q *3

111-91-1----
c Q c n T
QT C*7 C

77-47-4-----
Q Q /-\c ooo uo ^
95-95-4-----
QT CQ Ty j. oo- / — — -
88-74-4-----
131-11-3----
o n Q QC Q
606-20-2----
99-09-2-----
Q-J -JO Q

----Phenol
- - - -bis ( 2 -Chloroethyl ) Ether _____
- - - - 2 -Chlorophenol

1 -> J»/Xwll̂ \-̂ J. WXJdl^dlC

----1,2- Dichlorobenz erie
- — 2 -Methylphenol
----2,2' -oxybis ( 1 - Chloropropane )
- - - - 4 -Methylphenol
- - - -N-Nitroso-di-n-propylamine _
- - - -Hexachloroe thane

li J. L J. Wî l̂l̂ lidlC

----Isophorone
- - - - 2 -Nitrophenol
----2,4 -Dime thy Iphenol
----2,4 -Dichlorophenol
----1,2,4 -Trichlorobenzene
- - - -Naphthalene
- - - -4-Chloroaniline
- - - -Hexachlorobutadiene
- - - -bis ( 2 - Chloroethoxy) methane
- - - -4-Chloro-3 -Methylphenol
- - - -2 -Methylnaphthalene
- - - -Hexachlorocyclopentadiene
----2,4, 6 -Trichlorophenol
----2,4, 5 -Trichlorophenol
- - - -2 -Chloronaphthalene
- - - -2 -Nitroaniline
- - - -Dime thy Iphthalate
- - - -Acenaphthylene
----2, 6-Dinitrotoluene
- - - -3 -Nitroaniline
- - - -Acenaphthene

10
10
10
10
10

• 10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
25
10
25
10
10
10
2S
10

u
u
vj

u
u
u
u
u
u
u
u
u
u
u
u
u
u
J
'0

u
u
u
L

u
L
u
u
u
u
u
u

FORM I SV-1 00031/90



' IF
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

GW5001
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No. : SDG No. : SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ___ decanted: (Y/N)

Concentrated Extract Volume: 1000(uL)

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Number TICs found: 4

Lab Sample ID: 2258705

Lab File ID: R2122.D

Date Received: 11/19/94

Date Extracted:11/23/94

Date Analyzed: 12/20/94

Dilution Factor: 1.0

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

GAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.

. 9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME

UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN

RT

18.693
21.215
23.441
25.545

EST. CONC.

3
7
4
2

Q
J
J
J
J

FORM I SV-TIC
00036

3'/90



IB
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE

GW5101
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(UL)

Injection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Lab Sample ID: 2258708

Lab File ID: R2154.D

Date Received: 11/19/94

Date Extracted:11/23/94

Date Analyzed: 12/23/94

Dilution Factor: 1.0

I

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

i nfl-Q^-"?----j.\jo yo f-~ ~ — —
111-44-4 ———
QC tin Q

541-73-1 ———
106-46-7 — —
95-50-1 ———
QC A Q 1

108-60-1 ———
106-44-5----
621-64-7- ——
£.1 T)-~\ - ---o / — /z — x— — — -
98-95-3 ———
•70 ca_i _ _ _ _ _io~3y J.
00 '7C C_OO /3-D---
i r\c fin QJ.UOD i — y- - — —
i or\ m o
1 n r\ Q o T

QI -on-"? ----J JL Z. W J

106-47-8----
Q*7 CQ TO/-OO-J ---

111-91-1- ——
59-50-7-----
91-57-6-----
77-47-4-----
88-06-2-----
95-95-4-- ——
91-58-7 ——— -
88-74-4-----
131-11-3----
*O r\Q Q£ Q

606-20-2----
99-09-2-----
Q"3 T5 Qo J Ji -:?-

----Phenol
— -bis(2-Chloroethyl)Ether
- - - - 2 - Chloroohenol

/ O UXv̂ IULvJJLwJJdl̂ CllC.:
/ ̂ t UJLL»Ii_Lw£UUt2!l^c_MIC

----1,2 -Dichlorobenzene
- - - - 2 -Methylphenol
----2,2' -oxybis(l-Chloropropane)
- - - - 4 -Methylphenol
- - - -N-Nitroso-di-n-propylamine
- - - -Hexachloroe thane

INXL.̂ UiJdl̂ CllC

- - - - I sophorone
- - - - 2 -Nitrophenol
----2,4 -Dimethylphenol
----2,4 -Dichlorophenol
----1,2, 4 -Trichlorobenzene
- - - -Naphthalene
- - - - 4 - Chloroani 1 ine
- - - -Hexachlorobutadiene
----bis (2 -Chloroethoxy) methane
- - - -4 -Chloro-3 -Methylphenol
- - - - 2 -Methylnaphthalene

ncJ\.â .llJLCJXCJwŷ JLvĴ JCllUa.U.XcIlc_:

----2,4,6 -Trichlorophenol
----2,4, 5 -Trichlorophenol
- - - - 2 - Chloronaphthalene
- - - - 2 -Nitroaniline
- - - -Dimethylphthalate
- - - -Acenaphthylene
- - - - 2 , 6 -Dinitrotoluene
- - - -3 -Nitroaniline
- - - -Acenaphthene

10
41
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

. 10
10
10
25
10
25
10
10
10
25
10

u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
L.

L
u
t
u
u
u
u
u
u
u
u
u
u

FORM I SV-1 00037 3/9°



1C
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

GW5101
Lab Name: NYTEST ENV INC Contract: 9421375

Code: NYTEST Case No. : 22571 SASNo.: SDG No. : SKIN6

Lab Sample ID: 2258708

Lab File ID: R2154.D

Date Received: 11/19/94

Date Extracted:11/23/94

Date Analyzed: 12/23/94

Dilution Factor: 1.0

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)__

Concentrated Extract Volume: 1000(UL)

Injection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

,-sa

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

51-28-5---------2,4-Dinitrophenol________
100-02-7--——--4-Nitrophenol____________
132-64-9--————Dibenzofuran__________
121-14-2—— — -2,4 -Dini t rotoluene ~
84-66-2 ——————Diethylphthalate ________
7005-72-3-------4-Chlorophenyl-phenylether
86-73-7---------Fluorene _________________
100-01-6--------4-Nitroaniline ~
534-52-l--------4,6-Dinitro-2-methylphenol
86-30-6---------N-Nitrosodiphenylamine (1)_
101-55-3--------4-Bromophenyl-phenyletEer___
118-74-1------- -Hexachlorobenzene____________
87-86-5---------Pentachlorophenol________
85-01-8-——-----Phenanthrene____________
120-12-7--------Anthracene_____________
86-74-8---- -----Carbazole_______________
84-74-2---------Di-n-butylphthalate
206-44-0--------Fluorantnene___________
129-00-0--------Pyrene________________
85-68-7---------Butylbenzylphthalate______
91-94-l---------3,3'-Dichlorobenzidine____
56-55-3---------Benzo(a)anthracene_______
218-01-9--------Chrysene________________
117-81-7--------bis(2-Ethylhexyl)phthalate_
117-84-0--------Di-n-octylphthalate______

99-2--------Benzo(b)fluoranthene______
08-9--------Benzo(k)fluoranthene

50-32-8---------Benzo(a)pyrene__________
193-39-5--------Indenod, 2,3-cd) pyrene____
53-70-3---------Dibenz(a,h)anthracene_____
191-24-2--------Benzo(g,h,i)perylene______

25
25
10
10
10
10
10
25
25
10
10
10
25
10
10
10
10
10
10
10
10
10
10
1
10
10
10
10
10
10
10

U
U
U
U
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
J
u
u
u
u
u
u
u

•*

(1) - Cannot be separated from Diphenylamine

FORM I SV-2
00038

3/90

1'.'



IF
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

GW5101
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(uL)

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Number TICs found: 20

Lab Sample ID: 2258708

Lab File ID: R2154.D

Date Received: 11/19/94

Date Extracted:11/23/94

Date Analyzed: 12/23/94

Dilution Factor: 1.0

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

2.
3.
4.
5.
6.
7.
8.

- 9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME

UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN .
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN AROMATIC
UNKNOWN AROMATIC
UNKNOWN AROMATIC

RT

3.720
3.929
5.685
6.920
7.076
7.928
8.155
10.415
10.607
10.763
11.024
11.094
11.320
11.528
13.685
13.789
16.189
18.502
19.198
19.824

EST. CONC.

28
73
31
29
29
88
29
35
86
52
320
110
51
31
50
27
20
45
910
140

Q

J
J
J
J
J
J
J
J
J
J
J
J
J
^
o :
<j •
O !

* u
u'
J ;

FORM I SV-TIC
00033

3/90



__.... ————1B
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

GW5301
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

—Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(UL)

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Lab Sample ID: 2258701

Lab File ID: R2118.D

Date Received: 11/19/94

Date Extracted:11/23/94

Date Analyzed: 12/20/94

Dilution Factor: 1.0

GAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

i nQ_Qc_o____J.UO — :>Di
111-44-4- ——
QC C*7 Q

541-73-1 ———
106-46-7 ———
Qc_cn-i __-__yo~ D\J JL
QC AO *7

108-60-1 ———
106-44-5 ———
621-64-7 ——
C7 "70-1 ----o /— /z— x— ---—
QQ QC T

TQ CQ T

QP_ >7C_C_____OO~ /J O--- — -
T nC C*7 Q

i on 0*3 oJ-^U — OJ^
ion fl*5 ixzu — o^s J.- - — -
91-20-3 ————
106-47-8----
m CP T _ _ _O / O O J- ---
111-91-1 ——
59-50-7-----
QT C*7 C

77-47-4-----
QQ f"IC O

95-95-4 ——— -
on CQ "7

88-74-4-----
131-11-3 —— -
orvo QC Q^uo-yo— o— — -
cnc on obUt>-iU-^-
QQ no o
QT TO Q

----Phenol
- —— bis(2- Chloroe thyl ) Ether
- - - - 2 - Chlorophenol
----1,3 -Dichlorobenzene
----1,4 -Dichlorobenzene
----1,2 -Dichlorobenzene
- - - - 2 -Methylphenol
----2,2' -oxybis ( 1 - Chloropropane )
—— - 4 -Methylphenol
- - - -N-Nitroso-di -n-propylamine

- - - -Nitrobenzene
- - - - Isophorone
- - - - 2 -Nitrophenol
----2,4 -Dimethylphenol
----2,4 - Dichlorophenol
----1,2,4 -Tr ichlorobenzene
- - - -Naphthalene
- - - - 4 - Chloroani 1 ine
- - - -Hexachlorobutadiene
----bis ( 2 -Chloroethoxy) methane _
- - - -4 -Chloro-3 -Methylphenol
- - - - 2 -Methylnaphthalene
- - - -Hexachlorocyclopentadiene
- — 2,4,6 -Trichlorophenol
----2,4, 5 -Trichlorophenol
- - - - 2 -Chloronaphthalene
- - - -2-Nitroaniline
- - - -Dimethylphthalate
- - - -Acenaphthylene
----2,6 -Dinitro toluene
- - - - 3 -Nitroaniline
- - - -Acenaphthene

10
40
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

. 10
10
10
25
10
25
10
10
10
25
10

u
u
u
u
D
U
U
U
U
U
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u

FORM I SV-1 000457 90



1C
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

c •
I JU

GW5301
Lab Name: NYTEST ENV INC Contract: 9421375 _____

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(UL)

Injection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Lab Sample ID: 2258701

Lab File ID: R2118.D

Date Received: 11/19/54

Date Extracted:11/23/54

Date Analyzed: 12/20/54

Dilution Factor: 1.0

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

51-28-5---------2,4-Dinitrophenol________
100-02-7--------4-Nitrophenol___________
132-64-9--------Dibenzofuran___________
121-14-2-----—2,4-Dinitrotoluene
84-66-2---------Diethylphthalate________
7005-72-3----——4-Chlorophenyl-phenylether_J
86-73-7---------Fluorene____________
100-01-6--------4-Nitroaniline
534-52-1--------4,6-Dinitro-2-methylphenol_
86-30-6---------N-Nitrosodiphenylamine (1)_
101-55-3--------4- Bromophenyl -phenyle tHer_____
118-74-1--------Hexachlorobenzene_______
87-86-5---------Pentachlorophenol_______
85-01-8---—---Phenanthrene__________
120-12-7--------Anthracene____________
86-74-8---------Carbazole_____________
84-74-2---------Di-n-butylphthalate______
206-44-0--------Fluoranthene___________
129-00-0--------Pyrene________________
85-68-7---------Butylbenzylphthalate_____
91-94-1---------3,3'-Dichlorobenzidine___
56-55-3---------Benzo(a)anthracene______

!-01-9--------Chrysene_______________
81-7--------bis(2-Ethylhexyl)phthalate_

117-84-o--------Di-n-octylphthalate_____
205-99-2--------Benzo(b)fluoranthene____
207-08-9--------Benzo(k)fluoranthene____
50-32-8---------Benzo(a)pyrene_________
193-39-5--------Indeno(l,2,3-cd)pyrene___
53-70-3---------Dibenz(a,h)anthracene___
191-24-2--------Benzo(g,h,i)perylene____

(1) - Cannot be separated from Diphenylamine

FORM I SV-2

25
25
10
10
10
10
10
25
25
10
10
10
25
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

•J
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u

u
U
L
U
u
L
U
u
u
u
u
u

00041
3/90

r



IF
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

Lab Name: NYTEST ENV INC Contract: 9421375
GW5301

Lab Code: NYTEST Case No.: 22571

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

SAS No. : SDG No. : SKIN6

Lab Sample ID: 2258701

Lab File ID: R2118.D

Date Received: 11/19/94

Date Extracted:11/23/94

Concentrated Extract Volume:

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N

Number TICs found: 20

1000(uL) Date Analyzed: 12/20/94

Dilution Factor: 1.0

pH: 7.0

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.

" 9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME

UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN AROMATIC
UNKNOWN AROMATIC
UNKNOWN AROMATIC
UNKNOWN AROMATIC
UNKNOWN AROMATIC
UNKNOWN
UNKNOWN

RT

4.278
4.869
5.078
8.000
9.669
9.791
9.843
10.086
10.208
10.382
10.643
12.695
12.747
17.617
18.312
18.904
19.478
20.678
21.356
23.443

EST. CONC.

6
9
12
6
27
37
11
19
9
45
24
7
5
78

1100
14
S
17
12
12

Q
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
<~>
u"
J

FORM I SV-TIC

0 0 0 4 2
3/90



"EPA SAMPLE HO.
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

GW5501
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(UL)

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Lab Sample ID: 2258710

Lab File ID: R2156.D

Date Received: 11/19/54

Date Extracted:11/23/94

Date Analyzed: 12/23/94

Dilution Factor: 1.0

SIP

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

108-95-2——————Phenol______^________
111-44-4—————bis (2-Chloroethyl) Ether
95-57-8 —— ———— 2-Chlorophenol___________
541-73-1--------1,3-Dichlorobenzene______
106-46-7--------1,4-Dichlorobenzene________
95-50-1---------1,2-Dichlorobenzene______
95-48-7——————2-Methylphenol___________
108-60-l--------2,2'-oxybis(1-Chloropropane)
106-44-5 —— ----4-Methylphenol________
621-64-7--------N-Nitroso-di-n-propylamine

98-95-3---------Nitrobenzene .
78-59-l---------Isophorone_______________
88-75-5---------2-Nitrophenol
105-67-9--------2,4-Dimethylphenol
120-83-2--------2,4-Dichlorophenol_______
120-82-1--------1,2,4-Trichlorobenzene____
91-20-3-------- -Naphthalene_____________
106-47-8--------4-Chloroaniline_________
87-68-3 ---------Hexachlorobutadiene_______
111-91-1--------bis(2-Chloroethoxy)methane_
59-50-7---------4-Chloro-3-Methylphenol__
91-57-6- ------- -2-Methylnaphthalene_i___
77-47-4---------Hexachlorocyclopentadiene__
88-06-2---------2,4,6-Trichlorophenol____
95-95-4---------2,4,5-Trichlorophenol____
91-58-7---------2-Chloronaphthalene_____
88-74-4---------2-Nitroaniline_________
131-11-3--------Dimethylphthalate_______
208-96-8--------Acenaphthylene_________
606-20-2--------2,6-Dinitrotoluene______
99-09-2---------3-Nitroaniline__________
83-32-9---------Acenaphthene___________

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
25
10
25
10
10
10
25
10

u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u

FORM I SV-1 000433/90



1C
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

GW5501
Lab Name: NYTEST ENV INC Contract: 9421375

£, Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)__

Concentrated Extract Volume: 1000(UL)

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Lab Sample ID: 2258710

Lab File ID: R2156.D

Date Received: 11/19/54

Date Extracted:11/23/94

Date Analyzed: 12/23/94

Dilution Factor: 1.0

,>*

• •sff̂ y-y
i» Z-*/

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

C1 "5Q C

100-02-7 ———— -
«!*'%*% f A f*i132-64-9------
TOT _14_O_____.JLAJ. J»̂ E *»

84-66-2 ———— -
*7A/MT T^ "37005-72-3-----
QC "7"J "7

100-01-6 ——— •
c.-a4._co_i______I«JTZ «jx* a.

86-30-6 ————
101-55-3-----
118-74-1 ———
Q rj Qf C87-86-D------
85-01-8- ————
190-12-7-----JLXiv/ ^£* I

Q a *~?A o
84-74-2------
206-44-0 ————
129-00-0 —— --
O C CQ 1

91-94-1------
56-55-3 ——— --
T1 a n-i Q _iJ-O-UJ. -3 -- ~
1 1 T Q T T __11 /-Ol /-----

117-84-0 ———
one Q Q *5
om r>Q_Q__ __^u/— uo ~y—
en 1*3 P ___
193-39 5-- --J.J~J J «/ -J

53-70-3- ———
1 Ql 94 ? -- -X^ -L £»^ 4>

---2,4 -Dinitrophenol
- — 4 -Ni trophenol
- - -Dibenzof uran
---2,4 -Dinitrotoluene
- - -Diethylphthalate
- - - 4 - Chlorophenyl -phenyl ether _
---Fluorene
- - -4 -Nitroaniline
---4,6 -Dinitro-2 -methylphenol _
- - -N-Nitrosodiphenylamine (1) _
— 4 -Bromophenyl-phenyletEer __
- - -Hexachlorobenzene
- - -Pentachlorophenol
- - - Phenanthrene

---Carbazole
---Di-n-butylphthalate •
- - - Fluoranthene
---Pyrene
- - -Butylbenzylphthalate
---3,3' -Dichlorobenzidine
- - -Benzo (a) anthracene
---Chrysene
---bis (2-Ethylhexyl)phthalate _
- - -Di-n-octylphthalate
---Benzo (b) f luoranthene
- - -Benzo (k) f luoranthene
- - -Benzo (a) pyrene
- - - Indeno (1,2, 3 -cd) pyrene
- - -Dibenz (a, h) anthracene
- - -Benzo (g, h, i) perylene

25
25
10
10
10
10
10
25
25
10
10
10
25
10
10
10
10
10
10
10
10
10

, 10
10
10
10
10
10
10
10
10

u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u

(1) - Cannot be separated from Diphenylamine

FORM I SV-2

00044
3/90



IF
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

GW5501
Lab Name: NYTEST ENV INC Contract: 9421375

-, Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(uL)

Injection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Number TICs found: 16

Lab Sample ID: 2258710

Lab File 'ID: R2156.D

Date Received: 11/19/94

Date Extracted:11/23/94

Date Analyzed: 12/23/S4

Dilution Factor: 1.0

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5. .
6.
7.
8.

- 9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

,.19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME

UNKNOWN AROMATIC
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN

RT

5.861
13.983
16.261
•16.644
19.357
19.531
21.548
21.687
22.070
23.843
23.983
24.261
24.348
26.556
26.904
31.061

EST. CONC.

2
6
2
8
2
21

•*.

2
27
2
2
2
10
2
^
3

Q

J
J
J
J
J
J
J
J
J
J
0
j
J
J
u
u

00045
FORM I SV-TIC 3/90



SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET
."a*

GW5601
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

•ja

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(UL)

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Lab Sample ID: 2258703

Lab File 'ID: R2120.D"

Date Received: 11/19/S4

Date Extracted:11/23/S4

Date Analyzed: 12/20/S4

Dilution Factor: 1.0

•<T-

*M
»
.V.

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

1 08-95-2----.L\SO *f *J £•

111-44-4 ———
95-57-8 ———
541-73-1 ———
i nc AC T——
95-50-1 ———
QC AQ 1

108-60-1 ——
106-44-5 ———
621-64-7 ——
C"7 TO-I _ _ _ _ _O / If. — _,— — — — —
QQ QC "3 _So— yo j
•7Q_CQ_i _ _ _ _ _/ O 3 J 7 J L
QQ TC C
1 OC ^n Q

ion en o _l^UOO^l
1 On_PO_1 __
on _ 2 o _ 3 _ _ _ _ _J X ** v -J

106-47-8 ———
Q -7 C Q *3

111-91-1----
59-50-7- —— -
91-57-6- —— -
77-47-4-----
op nc o _ _ _ _tjo-ub-z— — — -
QC QC yl

91-58-7-----
88-74-4-----
131-11-3----
o r\ Q QC Q

606-20-2----
QQ AQ_O_ _ _ .sy-U:? -z- — — -
Q"3 "3O Q

----Phenol
—— bis ( 2 -Chloroethyl ) Ether ______
- - - - 2 - Chlorophenol
----1,3 -Dichlorobenzene

- - - - 2 -Methylphenol
----2,2' -oxybis (1-Chloropropane)
- - - -4 -Methylphenol
- - - -N-Nitroso-di-n-propylamine _

11 _L L.̂  Wi_^dl^«v«&lC

- - - - I sophorone
- - - - 2 -Ni trophenol
----2,4 -Dime thy Iphenol
----2,4 -Dichlorophenol

- - - -Naphthalene
- - - - 4 - Chlor oani 1 ine
- - - -Hexachlorobutadiene
- - - -bis (2 -Chloroethoxy) methane
- - - - 4 -Chloro- 3 -Methylphenol
- - - - 2 -Me thylnaphthalene
- - - -Hexachlorocyclopentadiene
----2,4,6 -Trichlorophenol
----2,4,5 -Trichlorophenol
- - - - 2 - Chloronaphthalene
- - - - 2 -Nitroaniline
- - - -Dimethylphthalate

4^w%«>AicLk^m»n y jLw^AVv

----2,6 -Dinitrotoluene
----- 3 -Nitroaniline
- - - -Acenaphthene

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10: 10
10
25
10
25
10
10
10
25
10

U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U

FORM I SV-1
0004G

3/90



SEMIVOIATILE ORGANICS ANALYSIS DATA SHEET

GW5601
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Cede: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(UL)

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Lab Sample ID: 2258703

Lab File ID: R2120.D

Date Received: 11/19/94

Date Extracted:11/23/94

Date Analyzed: 12/20/94

Dilution Factor: 1.0

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

cn o o c51-28-5------
100-02-7 ——— -
132-64-9 ——— -
1 91-14-?-----JL^iX -Lt £i

84-66-2 ——— -
TAAC T"5 *37005-72-3----
OC Ti 1

100-01-6----
514-5? l-----J *J TE ~J £j J*

86-30-6 ———
101-55-3 —— -
118-74-1 —— -
QT QC CC
O C AT O

T O (\ 1O *7IzO-l^- /----
Q /• *7 A Q

84-74-9 ---U ̂  / ~ f-»

206-44-0 —— -
129-00-0----
0 C CO "I

91-94-1-----
56-55-3-----
01 D m Q
"1 1 *"7 Q 1 T

117-84-0----
205-99-2----
om AQ QZU / — Uo -i?
50-32-8 —— --
193-39-5 ———
53-70-3-----
1 91 94-9 -J. J X <c^ ^>

----2,4 -Dinit rophenol
- - - -4 -Nit rophenol
- - - -Dibenzof uran
----2,4 -Dinit rot oluene
- - - -Diethylphthalate
- - - -4 -Chlorophenyl-phenylether _
----Fluorene
- - - - 4 -Ni t roanil ine
----4,6 -Dinitro- 2 -methylphenol _
- - - -N-Ni t rosodiphenylatnine_ ( 1 ) _
- - - -4 -Bromophenyl-phenylether

tlCJta.v^IU.vJivJJ.JtiJiZGri"
- - - - Pent achlorophenol
- - - - Phenanthrene
- - - -Anthracene
----Carbazole
- - - -Di -n-butylphthalate
- - - -Fluorant hene

^ T ̂ . V^^X^

- - - -Butylbenzylphthalate
----3,3' -Dichlorobenzidine
- - - - Benzo ( a ) anthracene

N_*A1-L- Jf 'J^-t.il...

----bis (2-Ethylhexyl)phthalate _
- - - -Di -n-octylphthalate
- - - -Benzo (b) f luoranthene
- - - -Benzo (k) f luoranthene
- - - -Benzo (a) pyrene
- - - - Indeno (1,2, 3 -cd) pyrene

U-LUdl^ \d/ Iiy CtIlL.ILLawCllC

odiz.^ vy t Lit •*-! ]Jd.yxciie

25
25
10
10
10
10
10
25
25
10
10
10
25
10
10
10
10
10
10
10
10
10
10

' 10
10
10
10
10
10
10
10

u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
I
u
u
u

(1) - Cannot be separated from Diphenylamine

FORM I SV-2
0 0 0 4 7

3/90



IF
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

GW5601
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(uL)

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Number TICs found: 20

Lab Sample ID: 2258703

Lab File ID: R2120.D

Date Received: 11/19/94

Date Extracted:11/23/94

Date Analyzed: 12/20/94

Dilution Factor: 1.0

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME

UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN

RT

5.235
8.052
10.122
11.948
12.226
12.591
15.183
15.896
18.365
18.800
18.887
20.313
21.356
21.669
23.565
24.661
25.652
25.826
28.904
33.165

EST. CONC.

4
7
4
4
6
22
6
82
5

220
' 16

4
360
4

250
4
17
32
12
3

Q
J
J
J
J
J
vj
J
J
J
J
J
J
O
J
u
c

u
J
_u
(J

FORM I SV-TIC
00048

3/90



IB
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

Lab Name: NYTEST ENV INC Contract: 9421375
GW5701

? Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(UL)

Injection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Lab Sample ID: 2258704

Lab File ID: R2121.D

Date Received: 11/19/94

Date Extracted:11/23/94

Date Analyzed: 12/20/94

Dilution Factor: 1.0

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

1 no QC o

111-44-4----
95-57-8- ———
541-73-1 ———
106-46-7 ———
95-50-1 ———
95-48-7 ———
108-60-1----
106-44-5----
621-64-7 ———
ai TJ i _ _o / - t £. — J.— — — -
QQ QC "3

78-59-1-----
Q Q *7C C

T nc CT Q
1 On Q"5 O

T on QO i
91-20-3-----
106-47-8----
Q"7 CQ "J

111-91-1----
59-50-7 —— --
Q 1 C*7 £T

77-47-4-----
QQ nc ooo UD - £
95-95-4-----
O1 CQ "7yx DO- /
88-74-4-----
131-11-3----
ono QC H
606-20-2----
99-09-2-----
Q*3 *3O Q

frildlCjX

----bis (2-Chloroethyl) Ether ___
- - - - 2 - Chlorophenol
----1,3 -Dichlorobenzene
----1,4 -Dichlorobenzene

/ *-• J-/ J.̂ i.lXWJ- WX/V«1 i &J ̂.1 1C

- - - -2 -Methylphenol
----2,2' -oxybis (1-Chloropropane)
- - - -4 -Methylphenol
- - - -N-Nitroso-di-n-propylamine
- - - -Hexachloroethane
- - - -Nitrobenzene
----Isophorone
- - - - 2 -Ni trophenol
----2,4 -Dime thylphenol
- - - - 2 , 4 -Dichlorophenol
----1,2,4 -Trichlorobenzene
- - - -Naphthalene
- - - - 4 - Chloroani 1 ine
- - - -Hexachlorobutadiene
- - - -bis ( 2 -Chloroethoxy) methane
- - - -4 -Chloro-3 -Methylphenol
- - - - 2 -Methylnaphthalene
- - - -Hexachlorocyclopentadiene
----2,4,6 -Trichlorophenol
----2,4,5 -Trichlorophenol
- - - - 2 -Chloronaphthalene
- - - -2-Nitroaniline
- - - -Dimethylphthalate
- - - - Acenaphthylene

• - - - -2 , 6 -Dinitrotoluene
. _ _ _ - 3 -Nitroaniline
- - - - -Acenaphthene

10
10
10
10
10
10
10
2
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
25
10
25
10
10
10
25
10

U
U
U
U
U
U
U
J
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
\.
U
U
U
U
U
U
U
U

FORM I SV-1 0 0 0 4 9 3/9°



_ I

1C
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

GW5701
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)__

Concentrated.Extract Volume: 1000(UL)

Injection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Lab Sample ID: 2258704

Lab File ID: R2121.D

Date Received: 11/19/94

Date Extracted-.11/23/94

Date Analyzed: 12/20/S4

Dilution Factor: 1.0

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

51-28-5 ———— •
100-02-7 ——— •
132-64-9 ———
121-14-2 ——— •
84-66-2 ———
7005-72-3 ——
86-73-7-- ——
100-01-6 ———
c-54_co_-i _ _ _ _
mJJ^ mJ£t JL

86-30-6 ——— -
101-55-3 ———
1 1 R "74-1 __--JLJ.O- /t J. — — —
ft1? Q£_c: _ _ _ _ _O /-{Jo — D
85-01-8 ———
120-12-7 ——
Q f *7 A Q

84-74-2-----
206-44-0----
129-00-0----
O C C. Q H

91-94-1-- ——
56-55-3-----
OT Q ni QZJLO — UJ--'
ITT Q1 "7-Li / O J. / - - - -

117-84-0----
O /^ C OO O

om no Q -^U/-Uo .7
c r\ oo QbU- J2-O-----
191-39-5-- -^. -S ~J mj -S *J

53-70-3-----
1 QT -'5d-9 ___±y L — £.t £

----2,4 -Dini trophenol
. _ _ _4 -NitroDhenol
- - - -Dibenzof uran
----2,4 -Dinitrotoluene
- - - -Diethylphthalate
- - - - 4 - Chlorophenyl -phenylether _
----Fluorene
- - - -4 -Nitroaniline
----4,6 -Dinitro-2 -methylphenol _
- - - -N-Nitrosodiphenylamine (1) _
- - - - 4 -Bromophenyl -phenyletEer
- - - -Hexachlorobenzene
- - - -Pentachlorophenol
- - - - Phenanthrene

----Carbazole
- - - -Di-n-butylphthalate
- - - -Fluoranthene
- - - - Pyrene
- - - -Butylbenzylphthalate
----3,3' -Dichlorobenzidine
- - - -Benzo (a) anthracene
----Chrysene
----bis (2-Ethylhexyl)phthalate _
- - - -Di-n-octylphthalate
- - - -Benzo (b) f luoranthene
- - - -Benzo (k) f luoranthene

T3 f\y~i r*f~\ [31 T^ / y Qn Ct

---- Indeno (1,2,3 -cd) pyrene
- - - -Dibenz (a, h) anthracene
- - - -Benzo (g , h , i ) perylene

25
25
10
10
10
10
10
25
25
10
10
10
25
10
10
10
10
10
10
10
10

. 10
10
10
10
10
10
10
10
10
10

u
uu
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
'(.

(1) - Cannot be separated from Diphenylamine

FORM I SV-2
00050

3/90



IF '
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

GW5701
Lab Name: NYTEST ENV INC Contract: 9421375

X' Lab Cede: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(uL)

Injection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Number TICs found: 20

Lab Sample ID: 2258704

Lab File ID: R2121.D

Date Received: 11/19/S4

Date Extracted:ll/23/S4

Date Analyzed: 12/20/54

Dilution Factor: 1.0

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.

..8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29..
30.

COMPOUND NAME

UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN

RT

8.067
10.067
10.259
11.980
12.241
12.606
15.911
16.137
18.415
18.815
18.902
20.328
21.372
21.702
22.606
23.580
25.650
25.841
28.936
33.180

EST. CONC.

G

3
4
3
7
10
52
4
6

150
9
<

290
s
3

220
— . C

30
c
^

Q
J
J
J
J
J
J
J
J
J
J
J
J
o
J
J
\J

u '
U :

o
_ 1
ij :

FORM I SV-TIC

00051
3/90



IB
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

SKFB01
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(UL)

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 5.0

Lab Sample ID: 225870S

Lab File ID: R2155.D

Date Received: 11/19/94

Date Extracted:11/23/94

Date Analyzed: 12/23/94

Dilution Factor: 1.0

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

95-2------ - -Phenol^_____^_________
111-44-4—————bis (2 - Chloroe thyl) Ether
95-57-8---------2-Cnlorophenol__________
541-73-1--------1,3-Dichlorobenzene______
106-46-7--------1,4-Dichlorobenzene______
95-50-1———----1,2-Dichlorobenzene________
95-48-7——--——2-Methylphenol____________
108-60-l--------2,2'-oxybis(1-Chloropropane)
106-44-5- — ----4-Methylphenol____ ^
621-64-7--------N-Nitroso-di-n-propylamine
67-72-1—————— "
98-95-3- ——— --- ________
78-59-1-------- - Isophorone__^^___________
88-75-5---------2-Nitrophenol
105-67-9-——---2,4-DimethyIphenol ~
120-83-2--------2,4-Dichlorophenol___
120-82-1--------1,2,4-Trichlorobenzene
91-20-3-- ——— --Naphthalene________'_
106-47-8--------4-Chloroaniline_____
87-68-3---------Hexachlorobutadiene_______
111-91-1------- -bis(2-Chloroethoxy)methane_
59-50-7---------4-Chloro-3-Methylphenol_
91-57-6---------2-MethyInaphthalene
77-47-4---------Hexachlorocyclopentadiene
88-06-2---------2,4,6 -Trichlorophenol___'_
95-95-4---------2,4,5-Trichlorophenol___
91-58-7--——---2-Chloronaphthalene____
S8-74-4---------2-Nitroaniline________
131-11-3--------Dimethylphthalate_____
208-96-8--------Acenaphthylene________
606-20-2--------2,6-Dinitrotoluene_____
99-09-2---------3-Nitroaniline________
83-32-9---------Acenaphthene__________

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
25
10
25
10
10
10
25
10

U
u
U
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u

FORM I SV-1 3/90
00052



1C
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

SKFB01
Lab Name: NYTEST ENV INC Contract: 9421375

' Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(UL)

Injection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 5.0

Lab Sample ID: 225870S

Lab File ID: R2155.D

Date Received: 11/19/94

Date Extracted:11/23/94

Date Analyzed: 12/23/94

Dilution Factor: 1.0

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

51-28-5——------2,4-Dinitrophenol________
100-02-7--------4-Nitrophenol___________
132-64-9--------Dibenzofuran___________
121-14-2--- - - - - -2,4-Dinitrotoluene_______
84-66-2 —— ———Diethylphthalate___________
7005-72-3-------4-Chlorophenyl-phenylether
86-73-7---------Fluorene ________________
100-01-6-r-------4-Nitroaniline
534-52-1--------4,6-Dinitro-2-methylphenol_
86-30-6---------N-Nitrosodiphenylamine_ (1)_
101-55-3--------4-Bromophenyl-phenylether__
118-74-1--------Hexachlorobenzene________
87-86-5---------Pentachlorophenol________
85-01-8---------Phenanthrene____________
120-12-7--------Anthracene_____________
86-74-8---------Carbazole______________
84-74-2---------Di-n-butylphthalate_______
206-44-0--------Fluoranthene____________
129-00-0--------Pyrene________________
85-68-7---------Butylbenzylphthalate______
91-94-l---------3,3'-Dichlorobenzidine_____
56-55-3---------Benzo(a)anthracene________
218-01-9--------Chrysene________________
117-81-7--------bis(2-Ethylhexyl)phthalate_
117-84-0--------Di-n-octylphthalate_______

99-2--------Benzo(b)fluoranthene______
r-08-9--------Benzo(k)fluoranthene_____

50-32-8---------Benzo (a) pyrene______________
193-39-5--------Indeno(l,2,3-cd) pyrene____
53-70-3---------Dibenz(a,h)anthracene_____
191-24-2 --------Benzo(g,h,i)perylene______

(1) - Cannot be separated from Diphenylamine

FORM I SV-2

25
25
10
10
1
10
10
25
25
10
10
10
25
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

U
U
U
U
J
U
U
u
u
u
u
u
u
u
u
u
u
u
Lj

u
u
u
u
u
u
u
Ij
Ij
u
u

00053
3/90



IF
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

SKFB01
Lab Name: NYTEST ENV'INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: decanted: (Y/N)

Concentrated Extract Volume: 1000(uL)

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 5.0

Number TICs found: 1

Lab Sample ID: 2258709

Lab File ID: R2155.D

Date Received: 11/19/94

Date Extracted:11/23/94

Date Analyzed: 12/23/94

Dilution Factor: 1.0

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME

UNKNOWN

RT

3.757

EST. CONC.

8

Q
J

t
!

FORM I SV-TIC
00054

3/90



IB
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

SKFD01
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW
•

% Moisture: decanted: (Y/N)

Concentrated Extract Volume: 1000(UL)

Injection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Lab Sample ID: 2258702

Lab File ID: R2119.D

Date Received: 11/19/94

Date Extracted:11/23/94

Date Analyzed: 12/20/94

Dilution Factor: 1.0

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

FORM I SV-1

i nft-Q^-0----JLUOUj — <J — — — -
111-44-4 ——
or- c 1 O95-57-8-----
541-73-1 ———
106-46-7 ——
95-50-1 ———
95-48-7 ———
108-60-1 ———
106-44-5 ———
f *\ ̂  f A r^621-64-7----
C'7 T) TO /- 1 £. — JL— — - — —
98-95-3- ——
•7O CQ T

Q.P TC C
T ric /r*7 Q

T on m o
T on no T
qi on ? --.7 J_ ^ W J

106-47-8----
PT CQ "JO / — OO — J — ~ — — —
111-91-1----
59-50-7-----
91-57-6 —— --
77-47-4-----
GO nc o
95-95-4 —— --
Q1 CTQ TJJ. — DO- / — -
88-74-4-----
131-11-3----
onn QC Qiiuo-so-o
cnc on o
99-09-2-----
PT TO Q _ _ _ .O J JZ V J _ _ _ _ -

----Phenol
—— bis ( 2 - Chloroethyl ) Ether
- - - - 2 - Chlorophenol
----1,3 -Dichlorobenzene

----1,2 -Dichlorobenzene
- - - - 2 -Methylphenol
----2,2' -oxybis (1-Chloropropane)
- - - - 4 - Methylphenol
- - - -N-Nitroso-di-n-propylamine _
- - - -Hexachloroethane

Vv J.UZ(jĴ t:I12cIlc
- - - - Isophorone
- - - - 2 -Nitrophenol
----2,4 -Dime thy Iphenol
----2,4 -Dichlorophenol
----1,2,4 -Trichlorobenzene
- - - -Naphthalene
- - - - 4 - Chloroani 1 ine
- - - -Hexachlorobutadiene
- - - -bis ( 2 -Chloroethoxy) methane
--- -4 -Chloro-3 -Methylphenol
- - - - 2 -Methylnaphthalene
- - - -Hexachlorocyclopentadiene
----2,4, 6 -Trichlorophenol
----2,4, 5 -Trichlorophenol
- - - - 2 - Chloronaphthalene
- - - -2 -Nitroaniline
- - - -Dimethylphthalate
- - - -Acenaphthylene
- - - - 2 , 6 -Dinitrotoluene
- - - -3 -Nitroaniline
- - - -Acenaphthene

10
48
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
25
10
25
10
10
10
2S
10

u
u
U
U
U
U
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u

00055
3/90



1C
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

SKFD01
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(UL)

Injection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Lab' Sample ID: 2258702

Lab File ID: R2119.D

Date Received: 11/19/S4

Date Extracted:11/23/94

Date Analyzed: 12/20/94

Dilution Factor: 1.0

GAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

en o o c51-28-D------
100-02-7 ———
132-64-9 ——— •
1 51 -1 &.-")----X̂ J. J.*± ft
84-66-2 ———
7005-72-3 ——
O C T3 *786-73- /-----
100-01-6----
534-52-1 ———
86-30-6-- ——
101-55-3 ———
118-74-1 ———
Q*7 QC c: _ _ _ _ _
QC ni Q _ _ _
190-12-7- -->̂ £i VJ •!• ft '

OC 1A O

84-74-2-- ——
206-44-0----
129-00-0----
OC CO "!

91-94-1 ———
56-55-3-----
01 Q m _Q_ _ _ -
1 1 "7 Q1 "1 — -

117-84-0---.-
90^-99-2---£* \J ,J -t ̂  ^*
om OQ Q _ - -
c f\ ^ o o50-32-8-----
193-39-5 —— -
53-70-3 —— --
i QT _94_2- - --_L 3 J. £t^ £•

----2,4 -Dinitrophenol
- - - - 4 -Nit roohenol
- - - -Dibenzof uran
----2,4 -Dinitrotoluene
- - - -Diethylphthalate
- - - - 4 - Chlorophenyl -phenyle ther _
----Fluorene
- - - - 4 -Nitroaniline
----4, 6-Dinitro-2-methylphenol _
----N-Nitrosodiphenylamine (1) _
- - - - 4 -Bromophenyl -phenyletEer

- - - -Pentachlorophenol
- - - - Phenanthrene

----Carbazole
- - - -Di-n-butylphthalate
- - - - Fluoranthene
----Pyrene
- - - -Butylbenzylphthalate
----3,3' -Dichlorobenzidine

----Chrysene
- - - -bis ( 2 -Ethylhexyl ) phthalate _
- - - -Di -n-octylphthalate
- - - -Benzo (b) fluoranthene
- - - -Benzo (k) fluoranthene
- - - -Benzo (a) pyrene
- - - - Indeno (1,2,3 -cd) pyrene
- - - - Dibenz ( a , h) anthracene
- - - -Benzo (g , h , i ) perylene

25
25
10
10
10
10
10
25
25
10
10
10
25
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
TTu
u
u
u
u
u
u
u
u
u
u
u

(1) - Cannot be separated from Diphenylamine

FORM I SV-2 •
0005G

3/90



S3

i IF
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

SKFD01
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: decanted: (Y/N)

Concentrated Extract Volume: 1000(uL)

Injection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Number TICs found: 20

Lab Sample ID: 2258702

Lab File ID: R2119.D

Date Received: 11/19/94

Date Extracted:11/23/94

Date Analyzed: 12/20/94

Dilution Factor: 1.0

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
. 2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME

UNKNOWN
UNKNOWN :
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN :

UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN AROMATIC
UNKNOWN AROMATIC
UNKNOWN AROMATIC
UNKNOWN AROMATIC
UNKNOWN AROMATIC
UNKNOWN AROMATIC

RT

4.262
4.870
5.062
6.018
8.001
9.653
9.792
9.844
10.070
10.192
10.366
10.627
12.662
12.731
17.096
17.618
18.331
18.905
19.479
20.661

EST. OQNC.

7
9
11
8
7
31
49
10
21
17
55
25
8
c.
£

S3
1300

25
M

15

Q
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
•j
ij
u
•j
•j

FORM I SV-TIC
00057

3/90



IB
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

SKGW52
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: decanted: (Y/N)

Concentrated Extract Volume: 1000(UL)

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Lab Sample ID: 2257101

Lab File ID: R2116.D

Date Received: 11/18/94

Date Extracted:11/23/94

Date Analyzed: 12/20/94

Dilution Factor: 1.0

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

1 no QC o

111-44-4 ———
QC C*7 Q

541-73-1 ———
1 f\ f* A f* *^106-46-7----
95-50-1-----
QC A Q *7

108-60-1 ———
106-44-5 —— -
621-64-7 ———
f.1 ~T>-"\ - -_-O/ — 1 £ — X— — — -
QQ QC "3

TQ CQ 1 _ _

O Q TC C

T I"1C C1 Q

1 OC\ QO _o _ _ _x^U— OJ— Z--~
1Of"\ Q O _ i _ _ _ _j_z U-OZ-JL
91-20-3- ———
106-47-8----
m co i
111-91-1 —— -
CO crt -7

91-57-6-- ——
77-47-4-----
QQ nc_ o _ - -OO-UD ^
95-95-4 ——— -
QT CO "7

88-74-4-----
131-11-3 —— -
ono QC Q^uo so o — — -
/*" rt /" O /"\ O606-20-2----
QQ r\Q O

QT TO Qoo -j4 -y-- -- -

----Phenol
—— bis ( 2 - Chloroethyl ) Ether ___
- - - - 2 - Chlorophenol
----1,3 -Dichlorobehzene
----1,4 -Dichlorobenzene
----1,2 -Dichlorobenzene
- - - - 2 -Me thylphenol
----2,2' -oxybis (1-Chloropropane)
- - - -4 -Me thylphenol
- - - -N-Nitroso-di-n-propylamine
- - - -Hexachloroe thane
- - - -Nitrobenzene
- - - - I sophorone
- - - -2 -Nitrophenol
----2,4 -Dime thylphenol
----2,4 -Dichlorophenol

- - - -Naphthalene
- - - -4 -Chloroaniline
- - - -Hexachlorobutadiene
----bis(2- Chloroethoxy) methane _
- - - - 4 -Chloro- 3 -Methylphenol ___
- - - - 2 -Methylnaphthalene
- - - -Hexachlorocyclopentadiene __
----2,4,6 -Trichlorophenol
----2,4, 5 -Trichlorophenol
- - - - 2 -Chloronaphthalene
- - - -2 -Nitroaniline
- - - -Dime thy Iphthalate

• - - - -Acenaphthylene
-----2,6 -Dinitrotoluene
- - - - -3 -Nitroaniline
- - - - -Acenaphthene

10
10
10
10
10
10
'10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

- 10
10
10
25
10
25
10
10
10
25
10

u
u
D
U
U
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u

FORM I SV-1
00058

3/90



1C
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

Lab Name: NYTEST ENV INC Contract: 9421375
SKGW52

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)__

Concentrated Extract Volume: 1000(UL)

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Lab Sample ID: 2257101

Lab File ID: R2116.D

Date Received: 11/18/94

Date Extracted:11/23/94

Date Analyzed: 12/20/94

Dilution Factor: 1.0

•• m'

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

en *"> o cbl-2o-b------
100-02-7 ——— -
132-64-9 ——— •
191-14-2----X^iX J.TZ £+

84-66-2 ———
*"TAAC *7O ^7005-72-3---
O C *71 TOD- /O- /-----

100-01-6 ———
q-34._c:o_l____«J J ̂  <J £t ^

86-30-6 ———
101-55-3 ———
T 1 Q *7/l -\

Q*7 Q C C

QC O1 O

120-12-7 —— -
QC "7A H_ _OO" l*t — o~ — — ~ —
84-74-2- —— -
206-44-0----
129-00-0----
QC CO "IO-3-DU / - - - -

91-94-1-----
56-55-3 —— --
O T Q m Q

1 T T-QT -1 - —J.J. /-OJ.-/-
117-84-0----
T C\ C Q Q O

•5m na Q -^U / -uo y
c.r\ i "5 oDU- J^i-o
193-39-5----JL ̂  -J J -^ — '

53-70-3-----
X-? -L ^" ^

----2,4 -Dinitrophenol
- - - - 4 -Ni t rophenol
- - - -Dibenzof uran
----2,4 -Dinitrotoluene
- - - -Diethylphthalate
- - - - 4 - Chlorophenyl -pheny 1 ether _
----Fluorene
- - - -4 -Nitroaniline
----4 , 6-Dinitro-2-methylphenol _
- - - -N-Nitrosodiphenylamine_ (1) _

J_*Ap V̂ ll«S£/&4̂ AA T .L. ki/lX^AAy i - - 1 - l

--- -Hexachlorobenzene
- - - - Pentachlorophenol
- - - - Phenanthrene
- - - -Anthracene
----Carbazole
- - - -Di -n-butylphthalate
- - - -Fluoranthene
----Pyrene
- - - -Butylbenzylphthalate
----3,3' -Dichlorobenzidine
- - - -Benzo (a) anthracene
----Chrysene
----bis (2-Ethylhexyl)phthalate _
- - - -Di-n-octylphthalate
- - - -Benzo (b) f luoranthene
- - - -Benzo (k) f luoranthene
- - - -Benzo (a) pyrene
- - - - Indeno ( 1 , 2 , 3 - cd) pyrene
- - - -Dibenz ( a , h) anthracene
----Benzo (g,h,i)perylene

25
25
10
10
10
10
10
25
25
10
10
10
25
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

u
U
ij
u
U
u
U
u
U
u
U
U
u
u
u
u

u
u
u
u
u
u
I
u
u

(1) - Cannot be separated from Diphenylamine

FORM I SV-2
00059

3/90



IF
SEMIVOIATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

SKGW52
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: ' SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(uL)

Injection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Number TICs found: 9

Lab Sample ID: 2257101

Lab File ID: R2116.D

Date Received: 11/18/54

Date Extracted:11/23/S4

Date Analyzed: 12/20/S4

Dilution Factor: 1.0

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.'
6.
7.
8.
9.

•10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME
— = — =— — = — — = = ——= = = = = = = S3S = = = =2==

UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN

RT
========

5.252
10.330
10.591
18.087
18.261
20.800
23.061
25.234
28.382

EST. CONC.

2
3
3
4
10

4
4
2

Q
J
J
J
J
J
J
J
J
J

00060
FORM I SV-TIC 3/90



IB
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

SKGW54
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(UL)

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Lab Sample ID: 2257102

Lab File ID: R2117.D

Date Received: 11/18/94

Date Extracted:11/23/94

Date Analyzed: 12/20/S4

Dilution Factor: 1.0

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

108-95-2-- —— ---Phenol____ _^_^_____
111-44-4—————bis (2 -Chloroethyl) Ether
95-57-8---------2-Chlorophenol___________
541-73-1—------1,3-Dichlorobenzene_______
106-46-7—-----1,4-Dichlorobenzene________
95-50-l---------l,2-Dichlorobenzene______
95-48-7——---——2-Methylphenol___________
108-60-1----——2,2'-oxybis(1-Chloropropane)
106-44-5—————4-Methylphenol____
621-64-7--------N-Nitroso-di-n-propylamine
67-72-1---------Hexachloroethane_________
98-95-3---------Nitrobenzene___________
78-59-1---------Isophorone____________•
88-75-5—————2-Nitrophenol ________
105-67-9--------2,4-Dimethylphenol
120-83-2--------2,4-Dichlorophenol________
120-82-l--------l,2,4-Trichlorobenzene____
91-20-3---------Naphthalene
106-47-8--------4-Chloroaniline_
87-68-3---------Hexachlorobutadiene
111-91-1--------bis(2-Chloroethoxy)methane_
59-50-7---------4-Chloro-3-Methylphenol___
91-57-6---------2-Methylnaphthalene
77-47-4---------Hexachlorocyclopentadiene__
88-06-2---------2,4,6-Trichlorophenol____
95-95-4---------2,4,5-Trichlorophenol____
91-58-7---------2-Chloronaphthalene_____
8S-74-4---------2-Nitroaniline_________
131-11-3--------Dimethylphthalate_______
208-96-8--------Acenaphthylene_________
606-20-2--------2,6-Dinitrotoluene______
99-09-2---------3-Nitroaniline__________
83-32-9---------Acenaphthene___________

FORM I SV-1

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
25
10
25
10
10
10
25
10

U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
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T

1C
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

SKGW54
Lab Name: NYTEST ENV INC Contract: 9421375

^ Lab Code: NYTEST Case No. : 22571 SAS No. : SDG No. : SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(UL)

Injection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Lab Sample ID: 2257102

Lab File ID: R2117.D

Date Received: 11/18/54

Date Extracted:11/23/S4

Date Analyzed: 12/20/94

Dilution Factor: 1.0

GAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

51-28-5---------2,4-Dinitrophenol________
100-02-7--------4-Nitrophenol___________
132-64-9-- — ----Dibenzofuran __________
121-14-2--------2,4-Dinitrotoluene
84-66-2-—————Diethylphthalate_____
7005-72-3-------4-Chlorophenyl-phenylet her
86-73-7---------Fluorene____________
100-01-6------ - -4 -Nitroaniline__________
534-52-l--------4,6-Dinitro-2-methylphenol
86-30-6---------N-Nitrosodiphenylamine (1)_
101-55-3--------4-Bromophenyl-phenyletEer__
118-74-1--------Hexachlorobenzene________
87-86-5---------Pentachlorophenol________
85-01-8---------Phenanthrene___________
120-12-7--------Anthracene_____________
86-74-8---------Carbazole_________________
84-74-2——————Di-n-butylphthalate
206-44-0--------Fluoranthene____________
129-00-0--------Pyrene________________
85-68-7---------Butylbenzylphthalate______
91-94-1---------3,3'-Dichlorobenzidine____
56-55-3---------Benzo(a)anthracene_______
218-01-9--------Chrysene_______________
117-81-7—————bis(2-Ethylhexyl)phthalate_
117-84-0--------Di-n-octylphthalate______
205-99-2--------Benzo(b)fluoranthene_____
207-08-9--------Benzo(k)fluoranthene____
50-32-8---------Benzo(a)pyrene_________
193-39-5--------Indeno(l,2,3-cd)pyrene___
53-70-3---------Dibenz(a,h)anthracene____
191-24-2--------Benzo(g,h,i)perylene_____

25
25
10
10
10
10
10
25
25
10
10
10
25
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

U
U
U
U
U
U
U
U
U
U
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u

(1) - Cannot be separated from Diphenylamine

FORM I SV-2
00062
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IF
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

SKGW54
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: -(low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(uL)

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 7.0

Number TICs found: 20

Lab Sample ID: 2257102

Lab File ID: R2117.D

Date Received: 11/18/94

Date Extracted:11/23/94

Date Analyzed: 12/20/54

Dilution Factor: 1.0

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.

. 4.
5.
6.
7.
8.

' 9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME

UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN AROMATIC
UNKNOWN

RT

4.902
4.971
5.093
6.067
6.380
9.667
9.858
10.084
10.171
10.449
10,675
13.249
14.293
14.780
14.971
15.962
17.632
18.223
19.493
20.693

•

EST. CONC.

10
6
20
24
49
IB

/-o
62
60
260
15
210

c
c
7

n_4
*•• j£^z

33C
14

»*

Q
J
J
J
u
J
J
J
J
J
u
J
J
J
u*
J
t~
i_
_

u
u

i
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U.S. EPA -

INORGANIC ANALYSES DATA SHEET

Lab Name: NYTEST_ENV_INC_________ Contract: 9421375_

Lab Code: NYTEST Case No.: 22571 SAS No.:

EPA SAMPLE NO.

I GW5001

SDG No.: SKIN6

Matrix (soil/water): WATER

Level (low/med): LOW_

Lab Sample ID: 258705

Date Received: 11/1S/S4

Solids: 0.0

Concentration Units (ug/L or mg/kg dry weight): UG/L_

1 1
ICAS No. | Analyte
1 1
17429-90-5 | Aluminum
17440-36-0 | Antimony
17440-38-2 | Arsenic
17440-39-3 | Barium
17440-41-7 | Beryllium
17440-43-9 | Cadmium
17440-70-2 | Calcium
17440-47-3 | Chromium
17440-48-4 | Cobalt
17440-50-8 | Copper
17439-89-6 | Iron
17439-92-1 ILead
17439-95-4 | Magnesium
17439-96-5 | Manganese
17439-97-6 [Mercury
17440-02-0 INickel
17440-09-7 | Potassium
17782-49-2 | Selenium
17440-22-4 | Silver
17440-23-5 | Sodium
17440-28-0 IThallium
17440-62-2 | Vanadium
17440-66-6 IZinc
15955-70-0 | Cyanide
1 1

1
Concentration | C

1
172001
38.0IU
8.6IB
10601
2.0IU
2.0IU

4400001
33.61
26.5IB
53.01
529001
45.91

1050001
25801
0.20|U
64.91
102001
5.0|U
5.0|U

695001
5.0IU

53.21
1551
10.0IU

1

1
Q IM

1
IP
IP
IF
IP
IP
IP
IP
IP
IP
IP
IP

S IF
IP
IP
lev
IP
IP

WN |F
1 N IP
1 IP
1 WN IF
1 IP
1 IP
1 IAS
1 1

Color Before: BROWN___

Color After: COLORLESS

Comments:

Clarity Before: TURBID

Clarity After: CLEAR_

Texture:

Artifacts:
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U . tf A ""-

INORGANIC ANALYSES DATA SHEET

Lab Name: NYTEST_ENV_INC_________

Lab Code: NYTEST Case No.: 22571

Matrix (soil/water): WATER

Level (low/med): LOW

Contract: 9421375_

SAS No.:

EPA SAMPLE NO.

GW5101

SDG No.: SKIN6

Lab Sample ID: 258708__

Date Received: 11/15/94

Solids: 0.0

Concentration Units (ug/L or rag/kg dry weight): UG/L_

1 1
ICAS No. | Analyte
1 1
17429-90-5 | Aluminum
17440-36-0 | Antimony
17440-38-2 | Arsenic
17440-39-3 | Barium
17440-41-7 [Beryllium
17440-43-9 ICadmium
17440-70-2 | Calcium
17440-47-3 | Chromium
17440-48-4 ICobalt
17440-50-8 | Copper
17439-89-6 | Iron
17439-92-1. |Lead
17439-95-4 IMagnesium
17439-96-5 IManganese
17439-97-6 IMercury
17440-02-0 (Nickel
17440-09-7 | Potassium
17782-49-2 | Selenium
17440-22-4 | Silver
17440-23-5 | Sodium
17440-28-0 IThallium
17440-62-2 | Vanadium
17440-66-6 IZinc
15955-70-0 | Cyanide
1 1

1
Concentration | C

1
967|

38.0IU
18.11
4441
2.0IU
2.0IU

3910001
5.0|U
6.0|U

10.2IB
11000]

6.6)
1250001

8991
0.20IU
26.0IU
159001

5.0IU
5.0|U

568001
5.0|U
17.0IU
12.0IB
10.0IU

1

1
Q |M

1
IP
IP
IF
IP
IP
IP
IP
IP
IP
IP
IP
IF
IP
IP
lev

I IP
I IP
I WN |F
1 N IP
1 IP
1 WN IF
1 IP1 IP
1 IAS
1 1

Color Before: COLORLESS

Color After: COLORLESS

Comments:

Clarity Before: CLOUDY

Clarity After: CLEAR_

Texture:

Artifacts:
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U.S. EPA - CLP

INORGANIC ANALYSES DATA SHEET

Lab Name: NYTEST_ENV_INC_________

Lab Code: NYTEST Case No.: 22571

Matrix (soil/water): WATER

Level (low/med): LOW

Contract: 9421375_

SAS No.:

EPA SAMPLE NO.

I I
I GW5301 I

SDG No.: SKIN6

Lab Sample ID: 258701__
^

Date Received: 11/1S/S4

Solids: 0.0

Concentration Units (ug/L or mg/kg dry weight): UG/L

$s&

1
ICAS NO.
1
17429-90-5
17440-36-0
17440-38-2
17440-39-3
17440-41-7
17440-43-9
17440-70-2
17440-47-3
17440-46-4
17440-50-8
17439-89-6
17439-92-1
17439-95-4
17439-96-5
17439-97-6
17440-02-0
17440-09-7
17782-49-2
17440-22-4
17440-23-5
17440-28-0
17440-62-2
17440-66-6
15955-70-0
1

1 1
I Analyte
1
I Aluminum
I Antimony
I Arsenic
(Barium
I Beryllium
I Cadmium
(Calcium
I Chromium
I Cobalt
(Copper
I Iron
(Lead
(Magnesium
(Manganese
(Mercury
(Nickel
I Potassium
I Selenium
(Silver
I Sodium
(Thallium
I Vanadium
(Zinc
(Cyanide
1

1 1
Concentration | C |

1 1
50501 |
38.0|U|
6.3|B|
4281 |
2.0|U|
2.0|U|

4810001 |
13.41 |
7.4|B|
11.2IBI

225001 |
13.41 |

1030001 |
24001 |
0.20|U|
34.4IBI
200001 |
50.0|U|
29.11 |
357001 |
50.0|U|
19.0|B|
57.01 |
10.0IUI

1
Q IM

1
IP
IP

W |F
IP
IP
IP
IP
IP
IP
IP
IP
IF
IP
IP
lev
IP
IP

N IF
N (P

IP
WN IF

IP
IP
(AS

1 1 1
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Color After: COLORLESS

Comments:
CA AT A 2X DILUTION.

Clarity Before: TURBID

Clarity After: CLEAR

Texture:

Artifacts;
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U.S. EPA - CLP

INORGANIC ANALYSES DATA SHEET

Lab Name: NYTEST_ENV_INC_________

Lab Code: NYTEST Case No.: 22571

Matrix (soil/water): WATER

Level (low/med): LOW

Contract: 9421375

SAS No.:

EPA SAMPLE NO.

GW5501

SDG No.: SKIN6

Lab Sample ID: 258703__

Date Received: 11/19/94

% Solids: 0.0

Concentration Units (ug/L or mg/kg dry weight): UG/L_

4

1
ICAS NO.
1
17429-90-5
17440-36-0
17440-38-2
17440-39-3
17440-41-7
17440-43-9
17440-70-2
17440-47-3
17440-48-4
17440-50-8
17439-89-6
17439-92-1
17439-95-4
17439-96-5
17439-97-6
17440-02-0
17440-09-7
17782-49-2
17440-22-4
17440-23-5
17440-28-0
17440-62-2
17440-66-6
15955-70-0
1

1
I Analyte
1
[Aluminum
[Antimony
I Arsenic
I Barium
I Beryllium
I Cadmium
(Calcium
I Chromium
I Cobalt
I Copper
I Iron
(Lead
(Magnesium
I Manganese
(Mercury
(Nickel
I Potassium
I Selenium
(Silver
1 Sodium
(Thallium
(Vanadium
(Zinc
I Cyanide
1

1 1
Concentratibnl C|

1 1
109001 |
38.0|U|
5.0IUI
126(81
2.0|U|
2.0|U|

3880001 |
18.41 |
12. 9 |B|
19.5IBI
24000) |
12.2| |

1070001 |
32901 |
0.20|U|
34.4|B|

295001 |
5.0IUI
5.0|U|

1420001 |
5.0|U|

29.6IBI
66.51 |
10.0IUI

1 1

1
Q IM

1
* IP

IP
IF
IP
IP
IP
IP
IP
IP
IP
IP
IF
IP
IP
lev
IP
IP

N IF
N IP

IP
WN IF

IPIP
|AS
1
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Color After: COLORLESS

Comments:

Clarity Before: TURBID Texture:
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U.S. EPA - CLP

INORGANIC ANALYSES DATA SHEET
EPA SAMPLE NO.

I I
I GW5701 |

Lab Name: NYTEST ENV INC

Lab Code: NYTEST Case No.: 22571

Contract: 9421375__ I

SAS No.: SDG No. : SKIN6

Matrix (soil/water): WATER

Level (low/med): LOW

Lab Sample ID: 25B704__

Date Received: 11/19/94

% Solids: 0.0

Concentration Units (ug/L or mg/kg dry weight): UG/L_

\ 1
ICAS No. | Analyte
1 1
17429-90-5 | Aluminum
17440-36-0 I Antimony
17440-38-2 | Arsenic
17440-39-3 | Barium
17440-41-7 | Beryllium
17440-43-9 ICadmium
17440-70-2 | Calcium
17440-47-3 | Chromium
17440-48-4 ICobalt
17440-50-8 | Copper
17439-89-6 llron
17439-92-1 ILead
17439-95-4 IMagnesium
17439-96-5 [Manganese
17439-97-6 IMercury
17440-02-0 INickel
17440-09-7 | Potassium
17782-49-2 [Selenium
17440-22-4 | Silver
17440-23-5 | Sodium
17440-28-0 IThallium
17440-62-2 | Vanadium
17440-66-6 IZinc
15955-70-0 | Cyanide
1 1

1 1
Concentration I C I

1 1
134001 |
42.3|B|
5.0IUI
93.4|B|
2.0|U|
2.0|U|

4370001 |
26.41 |
15.4|B|
25.11 |
324001 |
16.5| |

1090001 |
13901 |
0.20|U|
34.5IBI
120001 |

5.0IUI
5.0|U|

929001 |
5.0|U|

37.3IBI
83.81 |
10.0|U|

1 1

1
Q IM

1
IP
IP
IF
IP
IP
IP
IP
IP
IP
IP
IP
IF
IP
IP
lev
IP
IP
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N |P

IP
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IP
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1
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TT. b. EPS: -

INORGANIC ANALYSES DATA SHEET

Lab Name: NYTEST_ENV_INC______

Lab Code: NYTEST Case No.

Matrix (soil/water): WATER

Level (low/med): LOW

_ Contract: 9421375_

22571 SAS No.:

EPA SAMPLE NO.

SKF301

SDG No.: SKINS

Lab Sample ID: 258709_

Date Received: 11/15/94

% Solids: 0.0

Concentration Units (ug/L or mg/kg dry weight): UG/L_

iiil

'.' '••''•''

1
ICAS NO.
1
17429-90-5
17440-36-0
17440-38-2
17440-39-3
17440-41-7
17440-43-9
17440-70-2
17440-47-3
17440-48-4
17440-50-8
17439-89-6
17439-92-1
17439-95-4
17439-96-5
17439-97-6
17440-02-0
17440-09-7
17782-49-2
17440-22-4
17440-23-5
17440-28-0
17440-62-2
17440-66-6
15955-70-0
1

1
I Analyte
1
I Aluminum
1 Antimony
I Arsenic
(Barium
1 Beryllium
I Cadmium
1 Calcium
I Chromium
I Cobalt
1 Copper
I Iron
ILead
(Magnesium
(Manganese
(Mercury
(Nickel
I Potassium
(Selenium
(Silver
I Sodium
(Thallium
(Vanadium
(Zinc
I Cyanide
1

1 1
Concentration |C| Q

1 1
57.0|U| *
38.0IUI
5.0|U|
11.0|U|
2.0IUI
2.0|U|

1390IUI
5.0|U|
6.0|U|
5.0|U|
16.0|U|
3.0|U|
1550|U|
2.0|U|
0.20|U|
26.0|U|
840|U|
5.0|U| N
5.0|U| N
463|U|
5.0IUI N

17.0IUI
5.0IUI

10.0ILI
1 !

1
IM
1
IP
IP
IF
IP
IP
IP
IP
IP
IP
IP
IP
IF
IP
IP
|CV|
IP 1
IP 1
IF I
IP 1
IP 1
IF |
IP 1
IP 1
I AS
1

Color Before: COLORLESS

Color After: COLORLESS

Comments:

Clarity Before: CLEAR_

Clarity After: CLEAR_

Texture:
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INORGANIC ANALYSES DATA SHEET
EPA SAMPLE NO.

I————————————,
I SKFD01 |

Lab Name: NYTEST_ENV INC

Lab Code: NYTEST

________ Contract: 9421375__ |___________

Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix (soil/water): WATER

Level (low/med): LOW

Lab Sample ID: 258702

Date Received: 11/1S/94

% Solids: 0.0

Concentration Units (ug/L or mg/kg dry weight): UG/L_

I I I I I
ICAS No. | Analyte I Concentration!C|

I
IM

-.1
,98
.'£.

1
17429-90-5
17440-36-0
17440-38-2
17440-39-3
17440-41-7
17440-43-9
17440-70-2
17440-47-3
17440-48-4
17440-50-8
17439-89-6
17439-92-1
17439-95-4
17439-96-5
17439-97-6
17440-02-0
17440-09-7
17782-49-2
17440-22-4
17440-23-5
17440-28-0
17440-62-2
17440-66-6
15955-70-0
1

1
I Aluminum
(Antimony
(Arsenic
I Barium
(Beryllium
| Cadmium
(Calcium
I Chromium
(Cobalt
(Copper
I Iron
(Lead
(Magnesium
(Manganese
(Mercury
(Nickel
I Potassium
I Selenium
(Silver
I Sodium
(Thallium
I Vanadium
IZinc
I Cyanide
1

1 1
91801 | *
38.0IUI
9.7|B|
5221 I
2.0|U|
2.0|U|

6590001 |
21.51 |
12.3IBI
29.71 |
38800) |
28.01 |

1430001 |
33901 |
0.20|U|
40.91 |
203001 |
50.0|U| N
36.11 | N
36500) |
50.0|U| WN
35,0|B|
95.81 |
10.0|U|

1 1

1
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IP
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IP
IP
IP
IP
IP
IP
IP
IP
IF
IP
IP
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IP
IP
IF
IP
IP
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IP
•IP
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Texture:

Artifacts:

FORM I - IN 3/90

00070



U.S. EPA - CLP

INORGANIC ANALYSES DATA SHEET

Lab Name: NYTEST_ENV_INC_________

Lab Code: NYTEST Case No.: 22571

Matrix (soil/water): WATER

Level (low/med): LOW

Contract: 9421375_

SAS No.:

EPA SAMPLE NO.

SKGW52

SDG No.: SKIN6

Lab Sample ID: 257101__

Date Received: 11/19/S4

% Solids: 0.0

Concentration Units (ug/L or mg/kg dry weight): UG/L_

m

1 1
ICAS No. | Analyte
1 1
17429-90-5 | Aluminum
17440-36-0 | Antimony
17440-38-2 | Arsenic
17440-39-3 | Barium
17440-41-7 | Beryllium
17440-43-9 ICadmium
17440-70-2 | Calcium
17440-47-3 | Chromium
17440-48-4 ICobalt
17440-50-8 | Copper
17439-89-6 llron
17439-92-1 ILead
17439-95-4 (Magnesium
17439-96-5 [Manganese
17439-97-6 (Mercury
17440-02-0 INickel
17440-09-7 IPotassium
17782-49-2 | Selenium
17440-22-4 1 Silver.
17440-23-5 | Sodium
17440-28-0 (Thallium
17440-62-2 | Vanadium
17440-66-6 [Zinc
15955-70-0 | Cyanide
1 1

1
Concentration | C

1
262001
38.0IU
16.81
770|
2.0|U
2.0|U

5130001
46.51
33.2|B
68.8|
629001
41.1|

1100001
29301
0.20|U
65.01

283001
50.0|U
5.0|U

353001
5.0|U
62.6|
212|
10.0|U

1

1
Q IM

1
IP
IP

S |F
IP
IP
IP
IP
IP
IP
IP
IP
IF
IP
IP
|CV
IP
IP

N IF
N |P

IP
WN |F

1?
IP
IAS
1

Color Before: BROWN___

Color After: COLORLESS

Comments:
CA AT A 2X DILUTION.

Clarity Before: TURBID

Clarity After: CLEAR_

Texture:

Artifacts:

FORM I - IN 3/90

00071



Total Organic Halides
Results

Lab Name: Nytest Environmental Inc.

Project No: 9421375

Client: Rust Environment & Infrastructure

Case No. 22587

SDG: SKIN6

Sample ID

GW5301

SKD01

GW5601

GW5701

GW5001

GW5001D

GW5001S

GW5101

SKFB01

Lab ID

2258701

2258702

2258703

2258704

2258705

2258706 DUP

2258707 SPIKE

2258708

2258709

Results in
mg/L

2.1

<0.5

<0.5

<0.5

<0.5

<0.5

1

<0.5

<0.5

Duplicate Sample Relative Percent Difference: NC
Spike Added: 1 .00 ppm
Spike Percent Recovery: 1 0 1 .0%

MDL

Method Blank

0.5

<0.5

00072



Total Organic Carbon
Results

Lab Name: Nytest Environmental Inc.

Project No: 9421375

Client: Rust Environment & Infrastructure

Case No. 22587

SDG: SKIN6

Sample ID

GW5301

SKD01

GW5601

GW5701

GW5001

GW5001D

GW5001S

GW5101

SKFB01

Lab ID

2258701

2258702

2258703

2258704

2258705

2258706 DUP

2258707 SPIKE

2258708

2258709

Results in
mg/L

16.9

17.4

33.1

27.2

3.4

3.6

201

29.8

<l.O

Duplicate Sample Relative Percent Difference: 5.71
Spike Added: 200 ppm
Spike Percent Recovery: 98.8%

MDL

Method Blank

1.00

<1.00

00073



NYTEST ENVIRONMENTAL, INC.

REPORT OF ANALYSIS

We find as follows

Log In No : 22571

Sample Identification

Lab ID

Client ID
Parameter(s)________

Results in mg/L:

Sulfide

2257102

SKGW54

0.2 U

Method
Blank

0.2 U

" • V.'- /

U : Below method blank/method reporting limit
E : Above method limit
NA : Not available
MR : Not Required

-s-

fei 00074



NYTEST ENVIRONMENTAL, INC.

REPORT OF ANALYSIS

Log In No : 22587

We find as follows :

Sample Identification

Parameter (s)

Lab ID : 2258701

Client ID : GW5301

2258702 2258703

SKFD01 GW5601
Method
Blank

Results in mg/L:

Chemical Oxygen Demand
jlfide

-irotal Dissolved Solid
Total Kjeldahl Nitrogen

141
0.2 U

2110
2.5

237
0.2 U

2100
2.6

196
0.2 U

2100
23.6

3 U
0.2 U
10 U

0.1 U

U : Below method blank/method reporting limit
E : Above method limit
NA : Not available
NR : Not Required

00075



NYTEST ENVIRONMENTAL, INC.

REPORT OF ANALYSIS

Log In No : 22587

We find as follows

Sample Identification

Parameter ( s )

Lab ID :

Client ID :

2258704

GW5701

2258705

GW5001

2258706
Method

GW5001MS Blank

Results in mg/L:

Chemical Oxygen Demand
Sulfide
Total Dissolved Solid
Total Kjeldahl Nitrogen

264
0.2 U
874
1.8

44
0.2 U
652
2.3

46
0.2 U
662
2.2

3 U
0.2 "

100.1 V

U : Below method blank/method reporting limit
E : Above method limit
NA : Not available
NR : Not Required

00076



NYTEST ENVIRONMENTAL, INC.

REPORT OF ANALYSIS

Log In No 22587

We find as follows

Lab ID :

Client ID :

2258708

GW5101

Sample Identification

2258709

SKFB01
Parameter(s)

Method
Blank

Results in mg/L:

Chemical Oxygen Demand
>ilfide
.jtal Dissolved Solid
Total Kjeldahl Nitrogen

313
0.2 U
2340
2.8

40
0.2 U
10 U

0.1 U

3 U
0.2 U
10 U

0.1 U

U : Below method blank/method reporting limit
E : Above method limit
NA : Not available
NR : Not Required

00077
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NYTEST ENVIRONMENTAL, INC.

REPORT OF ANALYSIS

we find as follows :
Log In No : 22628

Sample Identification
Parameter(s)

Biochemical Oxygen Demand

Results in :
Method Blank/Method Reporting Limit

mg/L
3 U

Lab ID Client ID

••1
*

*
•"~
3
«

n
1.
; 4x*,y.*!L
5S|̂|

3,

2262801
2262802
2262804
2262805
2262806
2262807
2262808
2262809
2262810
2262811
2262812

GW5001
GW5001MS
GW5101
GW5201
GW5301
FD5301
GW5401
GW5501
GW5601
SKFB01
GW5701

NA : Not available
NR : Not Required

U : Below method blank/method reporting limit
E : Above method limit

00078
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WATER VOLATILE SYSTEM MONITORING COMPOUND RECOVERY

Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

EPA
SAMPLE NO.

VBLK28
TRPBLK
SKFB01
TRIPBLK
SKGW52
SKGW54
GW5301
SKFD01
GW5601
GW5701
GW5101
GW5501
GW5001
GW5001MS
VBLK29
GW5101DL
GW5001MSD

SMC1
(TOL)#

103
102
102
106
101
101
103
101
102
102
101
102
101
102
102
104
103

SMC2
(BFB)#

97
97
97
92
97
97
97
97
96
97
98
97
98
97
98
104
105

SMC3
(DCE)#

91
93
92
93
93
94
93
95

• 93
93
95
92
93
94
92
96
98

OTHER TOT
OUT

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

QC LIMITS
SMC1 (TOL) = Toluene-d8 (88-110)
SMC2 (BFB) = Bromofluorobenzene (86-115)
SMC3 (DCE) = l,2-Dichloroethane-d4 (76-114)

# Column to be used to flag recovery values

* Values outside of contract required QC limits

D System Monitoring Compound diluted out

page 01 of 01
FORM II VGA-1

00080
3/90



ill

Form HI

r.s 00082



WATER VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix Spike - EPA Sample No.: GW5001

COMPOUND

1, 1-Dichloroethene
Trichloroethene
Benzene
Toluene
Chlorobenzene

SPIKE
ADDED
(ug/L)

50
50
50
50
50

SAMPLE
CONCENTRATION

(ug/L)

0
0
0
0
0

MS
CONCENTRATION

(ug/L)

56
49
50
52
51

MS
%
REC s

112
SB
100
104
102

QC.
LIMITS
REC.

61-145
71-120
76-127
76-125
75-130

COMPOUND

1, 1-Dichloroethene
Trichloroethene

" Benzene
Toluene
Chlorobenzene

SPIKE
ADDED
(ug/L)

50
50
50
50
50

MSD
CONCENTRATION

(ug/L)

49
43
46
45
44

MSD
%
REC #

98
86
92
90
88

%
RPD #

13
13
8
14*
15*

QC LIMITS
RPD

14
14

. 11
13
13

REC.

61-145
71-120
76-127
76-125
75-130

# Column to be used to flag recovery and RPD values with an asterisk

* Values outside of QC limits

RPD: 2 out of 5 outside limits
Spike Recovery: 0 out of 10 outside limits

COMMENTS:

FORM III VOA-1
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WATER SEMIVOIATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix Spike - EPA Sample No.: GW5001

COMPOUND

Phenol
2 - Chlorophenol
1 , 4 -Dichlorobenzene
N-Nitroso-di-n-prop. (1)
1,2,4 -Trichlorobenzene
4 -Chloro- 3 -Methylphenol
Acenaphthene
4-Nitrophenol
2 , 4-Dinitrotoluene
Pentachlorophenol
Pyrene

SPIKE
ADDED
(ug/L)

75
75
50
50
50
75
50
75
50
75
50

SAMPLE
CONCENTRATION

(ug/L)

0
0
0
0
0
0
0
0
0
0
0

MS
CONCENTRATION

(ug/L)

80
86
53
50
44
83
50
85
55
54
48

MS
%

REC =

107
115
106*
100
BS

n • - *
100
113*
110*
72
95

cc.
LIMITS
REC.

12-110
27-123
36- 97
41-116
39- 98
23- 97
46-118
10- 80
24- 96
9-103
26-127

COMPOUND

Phenol
2 -Chlorophenol
1 , 4 -Dichlorobenzene
N-Nitroso-di-n-prop. (1)
1,2,4 -Trichlorobenzene
4 -Chloro-3 -Methylphenol
Acenaphthene
4 -Nitrophenol
2 , 4 -Dinitrotoluene
Pentachlorophenol
Pyrene

SPIKE
ADDED
(ug/L)

75
75
50
50
50
75
50
75
50
75
50

MSD
CONCENTRATION

(ug/L)

69
82
53
50
44
76
51
88
56
57
48

MSD
%
REC #

92
109
106*
100
88
101*
102
117*
112*
76
96

%
RPD #

15
5
0
0
0
9
2
3
2
5
0

QC LI
RPD

42
40
28
38
28
42
31
50
38
50
--

WITS
REC.

12-110
27-123
36- 97
41-116
39- 98
23- 97
46-118
10- 80
24- 96
9-103
26-127

(1) N-Nitroso-di-n-propylamine

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits

RPD: 0 out of 11 outside limits
Spike Recovery: 8 out of 22 outside limits

COMMENTS:

FORM III SV-1
00084
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VOLATILE METHOD BLANK SUMMARY

VBLK28
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Lab File ID: M1026.D Lab Sample ID: VBLX28

Date Analyzed: 11/21/94 Time Analyzed: 1712

GC Column:CAP ID: 0.53 (mm) Heated Purge: (Y/N) N

Instrument ID: HPM

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

EPA
SAMPLE NO.

TRPBLK
SKFB01
TRIPBLK
SKGW52
SKGW54
SKFD01
GW5601
GW5701
GW5101
GW5501
GW5001
GW5001MS

LAB
SAMPLE ID

2258711
2258709
2257103
2257101
2257102
2258702
2258703
2258704
2258708
2258710
2258705
2258706

LAB
FILE ID

M1027.D
M1028.D
M1029.D
M1030.D
M1031.D
M1033.D
M1034.D
M1035.D
M1036.D
M1037.D
M1038.D
M1039.D

TIME
ANALYZED

1744
1815
1847
1919
1950
2054
2125
2157
2228
2300
2332
0003

COMMENTS:

page 01 of 01
FORM IV VOA

00086
3/90



T

VOLATILE ORGANICS ANALYSIS DATA SHEET

VBLK2S
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level:" (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: __(uL)

Lab Sample ID: VBLK28

Lab File ID: M1026.D

Date Received: 00/00/00

Date Analyzed: 11/21/54

Dilution Factor: 1.0

Soil Aliquot Volume:

a _,-••-ai

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

74-87-3------
IA Q"a Q
75-01-4 ————
75-00-3 ————
7C_nq_2------/ J \J J £t

67-64-1 ————
75-15-0 ————
/D— jo— *± — — - —
75-34-3 ————
540-59-0 ———
67-66-3 ——— -
i m (\a *)
TQ Q"3 _1 _ _ _ _ _ _/ O 3 J O
71-55-6 —————
56-23-5 —————
7K_27_4---- -/ _J AJ I ~

TO Q T C/b-o /-^------
10061-01-5 ——
•TQ Ai £

124-48-1-- ——
79-00-5------
71-43-2--- ——
10061-02-6---
T C *"1 C *")75-25-2-- ---
108-10-1-----
r- QT »7Q /"

127-18-4-----
79-34-5- ——— -
T r\Q Q O *3

i no on T_ _ -J.UO — y\j i
100-41-4-----
100-42-5 —— --
1330-20-7----

- - -Chlorome thane
- - -Bromome thane
— Vinyl Chloride

-- -Methyl ene Chloride
- - -Acetone
---Carbon Disulfide
---1,1 -Dichloroe thene
- - -1 , 1- Dichloroe thane
---1,2-Dichloroethene (total) _
---Chloroform
---1,2 -Dichloroethane
---2-Butanone
---1,1,1 -Trichloroe thane
---Carbon Tetrachloride
- - -Bromodichloromethane
---1,2 -Dichloropropane
---cis-1,3- Dichloropropene ____

- - -Dibromochloromethane
---1,1,2 -Trichloroe thane

- - - trans -1,3 -Dichloropropene
- - -Bromof orm
- - -4 -Methyl - 2 - Pentanone
---2-Hexanone

- - - -Tetrachloroethene
---1,1,2,2 -Tetrachloroe thane
----Toluene
- - - -Chlorobenzene
- - - -Ethylbenzene
----Styrene
----Xylene (total)

10
10
10
10
1
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

-:

u
u
u
u
J
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
I.

FORM I VOA
00087

3/90



VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

VBLK23
Lab Name: NYTEST ENV INC Contract: 9421375 ___ _

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 .(g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: _____(uL)

Number TICs found: 0

Lab Sample ID: VBLK23

Lab File ID: M102S.D

Date Received: 00/00/CO

Date Analyzed: 11/21/54

Dilution Factor: 1.0

Soil Aliquot Volume: (uL)

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME RT EST. CCNC. Q

FORM I VOA-TIC
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VOLATILE METHOD BLANK SUMMARY

VBLK2S
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN*

Lab File ID: M1045.D Lab oample ID: VBLK2-

Date Analyzed: 11/22/94 Time Analyzed: 1002

GC Column:CAP ID: 0.53 (mm) Heated Purge: (Y/N) N

Instrument ID: HPM

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

EPA
SAMPLE NO.

GW5101DL
GW5001MSD

LAB
SAMPLE ID

2258708
2258707

LAB
FILE ID

M1047.D
M1048.D

TIME
ANALYZED

1123
1155

COMMENTS:

page 01 of 01
FORM IV VOA
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VOLATILE ORGANICS ANALYSIS DATA SHEET

V3LK2S
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SCG No.: SXIN5

Matrix: (̂ oil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column:CAP ID: 0.53 (mm)

Soil Extract Volume: (uL)

Lab Sample ID: VBLX29

Lab File ID: M1045.D

Date Received: 00/00/00

Date Analyzed: 11/22/94

Dilution Factor: 1.0

Soil Aliquot Volume: ___

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

74-87-3------
74-83-9-- ———
75-01-4 ————
75-00-3 ——— --
7C 09-?------/ *J \J J £*

67-64-1 ——— -
75-15-0 ——— --
75-35-4 —— ——
75-34-3--- ——
^AO-RQ-O - ---JTC VJ -J J \J

67-66-3 ————
*1 f\ **1 f\ f~ ^107-06-2-----
•7Q QT -J

71-55-6 —— ---
56-23-5------
75-27-4--- ——
no on ciO — o 1 — 3-----
10061-01-5 ——
*7Q m c
124-48-1-----
79-00-5------
71-43-2------
10061-02-6---
75-25-2------
108-10-1-----
CQT "to C->y±.— /o <D - - - - -
1 77-1 8 4 ----_L £• / Ju VJ ~

79-34-5------
-1 /> Q Q Q O

T no on iJ.UO 3U- /
100-41-4-----
i 00-4?-^ - - -J±\J \J Si £* ~J

1330-20-7----

- - -Chlorome thane
- - -Bromome thane
---Vinyl Chloride
- - -Chloroe thane
---Methylene Chloride

f\V̂ C. W»V^AA\^

---Carbon Disulfide
- - -1 , 1-Dichloroethene
---1,1 -Dichloroe thane
---1,2 -Dichloroe thene ( total ) _
---Chloroform
- - - 1 , 2 -Dichloroe thane
---2-Butanone
---1,1,1 -Trichloroethane
---Carbon Tetrachloride
- - -Bromodichlorome thane
---1,2 -Dichloropropane

v^.LoJ./ J UA.\+ll±.\JL L/JJJ. vJJJCilfc;

- - -Dlbromochloromethane
---1,1,2 -Trichloroethane
---Benzene
- - - trans -1,3 -Dichloropropene __
---Bromoform
-- -4 -Methyl-2 -Pentanone
---2-Hexanone
- - -Tetrachloroe thene
---1,1,2,2 -Tetrachloroethane
- - -Toluene

- - - -Chlorobenzene
- - -Ethylbenzene
•---Styrene
•---Xylene (total)

10
10
10
10
18
10
10
10
10
10
TO
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u

FORM I VOA
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VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

VBLK29
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKINS

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec. ______

GC Column-.CAP ID: 0.53 (mm)

Spil Extract Volume: _____(uL)

Number TICs found: 0

Lab Sample ID: VBLK29

Lab File ID: M1045.D

Date Received: 00/00/CC

Date Analyzed: 11/22/94

Dilution Factor: 1.0

Soil Aliquot Volume: ___(ul)

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME RT EST. CONC.

•••

Q

l.'Si
FORM I VOA-TIC
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SEMIVOLATILE METHOD BLANK SUMMARY

SBLK20
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No. : SDG No. : SKIN6

Lab File ID: R2153.D Lab Sample ID: WB11233

Instrument ID: HPR Date Extracted: 11/23/94

Matrix: (soil/water) WATER Date Analyzed: 12/23/94

Level:(low/med) LOW Time Analyzed: 1204

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD

•st

\

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

EPA
SAMPLE NO.

SKGW52
SKGW54
GW5301
SKFD01
GW5601
GW5701
GW5001
GW5001MS
GW5001MSD
GW5101
SKFB01
GW5501

LAB
SAMPLE ID

2257101
2257102
2258701
2258702
2258703
2258704
2258705
2258706
2258707
2258708
2258709
2258710

LAB
FILE ID

R2116.D
R2117.D
R2118.D
R2119.D
R2120.D
R2121.D
R2122.D
R2123.D
R2124.D
R2154.D
R2155.D
R2156.D

DATE
ANALYZED

12/20/94
12/20/94
12/20/94
12/20/94
12/20/94
12/20/94
12/20/94
12/20/94
12/20/94
12/23/94
12/23/94
12/23/94

COMMENTS:

page 01 of 01
FORM IV SV
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SEMIVOIATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

SBLK20
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

-Sfl

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(UL)

Injection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 5.0

Lab Sample ID: WB11233

Lab File ID: R2153.D

Date Received: 00/00/00

Date Extracted:11/23/94

Date Analyzed: 12/23/94

Dilution Factor: 1.0

GAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

95-2------- -Phenol__^___^^^_______
111-44-4—————bis (2 -Chloroethyl) Ether
95-57-8——————2-Chlorophenol__________
541-73-1-————1,3-Dichlorobenzene______
106-46-7--————1,4-Dichlorobenzene______
95-50-1-- ————1,2-Dichlorobenzene_______
95-48-7—————--2-Methylphenol__________
108-60-1—-----2,2' -oxybis (1 -Chloropropane)
106-44-5 ——— ——4-Methylphenol_______
621-64-7--------N-Nitroso-di-n-propylamine
67-72-1---------Hexachloroethane_________
98-95-3--- —— --Nitrobenzene___________
78-59-l---------Isophorone__i_____________
88-75-5---------2-Nitrophenol
105-67-9--------2,4-Dimethylphenol_______
120-83-2--------2,4-Dichlorophenol________
120-82-1--------1,2,4-Trichlorobenzene_____
91-20-3---------Naphthalene_____________
106-47-8--------4-Chloroaniline__________
87-68-3---------Hexachlorobutadiene_______
lll-91-l--------bis(2-Chloroethoxy)methane_
59-50-7 — ---——4-Chloro-3-Methylphenol__
91-57-6---------2-Methylnaphthalene
77-47-4---------Hexachlorocyclopentadiene__
88-06-2---------2,4,6-Trichlorophenol_____
95-95-4---------2,4,5-Trichlorophenol____
91-58-7---------2-Chloronaphthalene_____
88-74-4---------2-Nitroaniline__________
131-11-3--------Dimethylphthalate_______
208-96-8--------Acenaphthylene____________
606-20-2--------2,6-Dinitrotoluene______
99-09-2---------3-Nitroaniline__________
83-32-9---------Acenaphthene__________

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
25
10
25
10
10
10
25
10

U
u
Uu
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u

FORM I SV-1 3/90
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1C
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

INU~

SBLK20
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(UL)

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N . pH: 5.0

Lab Sample ID: WB1123B

Lab File ID: R2153.D

Date Received: 00/00/00

Date Extracted:11/23/94

Date Analyzed: 12/23/S4

Dilution Factor: 1.0

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

C 1 O Q Cbl-zo-b------
100-02-7 ——— •
T}9-64-9-----±J ft VJ^C J

1 91 -1 A-9----X̂ J. ^Y £•
QA CC O
•"TAAC *"7O O/UOb- /2-j---
O /" T^ T86-73-7-----
100-01-6----
c-aA_c:o_ •!____
JJ^ ~J£t i.

86-30-6 ———
101-55-3 ———
118-74-1----
Q «-j o C C8 /-oo-b-----
oe ni o

190-1 9-7----L£t\J JL£t 1

OC "IA Q

84-74-2-----
206-44-0----
129-00-0- ——
o c c o •"?

91-94-1-----
56-55-3 ———
T\ o m _ Q _ - _ZXO -U-L 3
T T 1 Q1 1 -J.X / ox- / - ---
117-84-0----
one Q Q o
om no Q _ _£.\) / — \jo y
Cn T7 Q

193-39-5----
53-70-3 —— --
1 91 -94-9--j. j u. >̂ i >̂

----2,4 -Dinitrophenol
- - - -4 -Nitrophenol
- - - -Dibenzof uran
----2,4 -Dinitrotoluene
- - - -Diethylphthalate
- — 4 - Chlorophenyl -phenylether _
----Fluorene
- - - -4 -Nitroaniline
----4,6 -Dinitro- 2 -methylphenol _
- - - -N-Nitrosodiphenylamine_ (1) _
- - - -4-Bromophenyl-phenylether
- - - -Hexachlorobenzene
- - - - Pent achlorophenol
- - - - Phenanthrene
----Anthracene
----Carbazole
- - - -Di-n-butylphthalate
- - - - Fluoranthene

i y j- M»^A%»>

- - - -Butylbenzylphthalate
----3,3' -Dichlorobenzidine
- - - - Benzo ( a } anthracene
----Chrysene
- - - -bis (2-Ethylhexyl) phthalate _
- - - -Di-n-octylphthalate
- - - -Benzo (b) f luoranthene
- - - -Benzo (k) f luoranthene
- - - -Benzo (a) pyrene
- - - -Indeno (1,2, 3 -cd) pyrene
- - - -Dibenz (a , h) anthracene
- - - -Benzo (g, h, i) perylene

25
25
10
10
10
10
10
25
25
10
10
10
25
10
10
10
10
10
10
10
10
10

1 10
10
10
10
10
10
10
10
10

u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
"J
u
u
u
u
u
u
u
u
u
u
u
u

(1) - Cannot be separated from Diphenylamine

FORM I SV-2
00094

3/90



SEMIVOIATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

SBLK20
Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW

% Moisture: ____ decanted: (Y/N)

Concentrated Extract Volume: 1000(uL)

Inj ection Volume: 2.0(uL)

GPC Cleanup: (Y/N) N pH: 5.0

Number TICs found: 0

Lab Sample ID: WB1123B

Lab File ID: R2153.D

Date Received: 00/00/00

Date Extracted:11/23/94

Date Analyzed: 12/23/S4

Dilution Factor: 1.0

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

GAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.

- 9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME RT EST. CONC. Q

FORM I SV-TIC

00095
3/90



Form VIII

00096



———————————— 8A ——————— .
VOLATILE INTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: NYTEST ENV INC

Lab Code: NYTEST Case No.: 22571

Lab File ID (Standard): M1025.D

Instrument ID: HPM

GC Column:CAP ID: 0.53 (mm)

Contract: 9421375

SAS No.: SDG No.: SKIN5

Date Analyzed: 11/21/S4

Time Analyzed: 1628

Heated Purge: (Y/N) N

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22

12 HOUR STD
UPPER LIMIT
LOWER LIMIT

EPA SAMPLE
No.

VBLK28
TRPBLK
SKFB01
TRIPBLK
SKGW52
SKGW54
GW5301
SKFD01
GW5601
GW5701
GW5101
GW5501
GW5001
GW5001MS

IS1 (BCM)
AREA #

245156
490312
122578

232904
249965
260608
230746
266552
280317
273830
274320
266394
268558
273083
277602
277059
272146

RT #

8.42
8.92
7.92

8.43
8.43
8.43
8.43
8.43
8.44
8.44
8.44
8.45
8.45
8.45
8.43
8.44
8.44

IS2 (DFB)
AREA #

1186029
2372058
593014

1281039
1272307
1391993
1072911
1344488
1414105
1400509
1410477
1346567
1350385
1362231
1379506
1385825
1374480

RT #

9.84
10.34
9.34

9.84
9.85
9.85
9.85
9.85
9.85
9.86
9.86
9.86
9.85
9.85
9.86
9.86
9.85

IS3 (CBZ)
AREA £

956979
1913958
478490

1015471
1009189
1096824
739753
1070379
1126589
1101731
1126938
1067953
1056381
1096318
1094860
1115418
1081475

HT #

15.86
IS. 36
15.36

15.86
15.86
15.86
15.87
15.87
15.87
15.87
15.88
15.87
15.87
15.88
15.88
15.87
15.88

151 (BCM) = Bromochloromethane
152 (DFB) = 1,4-Difluorobenzene
153 (CBZ) = Chlorobenzene-d5

AREA UPPER LIMIT = +100% of internal standard area
AREA LOWER LIMIT = - 50% of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT

# Column used to flag values outside QC limits with an asterisk.
* Values outside of QC limits.

page 01 of 01
FORM VIII VGA
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VOLATILE INTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Lab File ID (Standard): M1044.D Date Analyzed: 11/22/94

Instrument ID: HPM Time Analyzed: 0915

GC Column:CAP . ID: 0.53 (mm) Heated Purge: (Y/N) N

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22

12 HOUR STD
UPPER LIMIT
LOWER LIMIT

EPA SAMPLE
No.

VBLK29
GW5101DL
GW5001MSD

ISl(BCM)
AREA #

267160
534320
133580

234910
261746
268051

RT #

8.42
8.92
7.92

8.43
8.41
8.42

IS2 (DFB)
AREA #

1333784
2667568
666892

1325026
1322982
1313520

RT #

9.84
10.34
9.34

9.84
9.82
9.83

IS3 (CBZ)
AREA #

1032750
2065500
516375

1024244
1006490
1003784

RT S

15.86
16.36
15.36

15.86
15.86
15.86

151 (BCM) = Bromochloromethane
152 (DFB) = 1,4-Difluorobenzene
153 (CBZ) = Chlorobenzene-d5

AREA UPPER LIMIT = +100% of internal standard area
AREA LOWER LIMIT = - 50% of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT

# Column used to flag values outside QC limits with an asterisk.
* Values outside of QC limits.

page 01 of 01 00098
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SEMIVOLATILE INTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Lab File ID (Standard): R2113.D Date Analyzed: 12/20/94

Instrument ID: HPR Time Analyzed: 0958

-•

01
02
03
04
05
06
07
08
09
10
11
12
13
"14
15
16
17
18
19
20
21
22

12 HOUR STD
UPPER LIMIT
LOWER LIMIT

EPA SAMPLE
No.

SKGW52
SKGW54
GW5301
SKFD01
GW5601
GW5701
GW5001
GW5001MS
GW5001MSD

ISl(DCB)
AREA #

1086622
2173244
543311

803822
843642
788432
729175
711816
775557
817089
833373
852240

RT #

6.00
6.50
5.50

5.95
•5.95
5.95
5.93
5.93
5.95
5.96
5.96
5.98

IS2 (NPT)
AREA #

3105269
6210538
1552634

2589073
2696583
2529553
2369693
2389041
2648124
2633215
2631804
2691037

RT #

8.50
9.00
8.00

8.43
8.45
8.45
8.44
8.44
8.45
8.47
8.47
8.48

IS3 (ANT)
AREA £

2096771
4193542
1048386

1685634
1780120
1667762
1608323
1489877
1629090
1669367
1667595
1676355

RT #

12.57
13.07
12.07

12.50
12.52
12.52
12.51
12.50
12.52
12.54
12.54
12.54

151 (DCS) = l,4-Dichlorobenzene-d4
152 (NPT) = Naphthalene-d8
153 (ANT) = Acenaphthene-dlO

AREA UPPER LIMIT = +100% of internal standard area
AREA LOWER LIMIT = - 50% of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT

# Column used to flag values outside QC limits with an asterisk.
* Values outside of QC limits.

01 Of 01 °00"
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SEMIVOLATILE INTERNAL STANDARD AREA AND RT SUMMARY ~ ~~~

Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No. : SDG No.: SXIN6

Lab File ID (Standard): R2152.D, Date Analyzed: 12/23/94

Instrument ID: HPR Time Analyzed: 1115

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22

12 HOUR STD
UPPER LIMIT
LOWER LIMIT

EPA SAMPLE
NO.

SBLK20
GW5101
SKFB01
GW5501

ISKDCB)
AREA #

2430060
4860120
1215030

1983483
2054241
2060298
2091579

RT #

6.62
7.12
6.12

=======

= =======

6.61
6.61
6.61
6.61

•

•

IS2 (NPT)
AREA #

8078539
16157078
4039270

==========

===;==; :s==:s=

7139656
7561571
7342734
7425255

RT #

9.23
9.73
8.73

9.23
9.23
9.22
9.22

IS3 (ANT)
AREA #

4627463
9254926
2313732

==========

==========
3854044
3493906
3975643
4068706

RT #

13.39
13.89
12.89

=======

13.37
13.39
13.37
13.37

151 (DCB) = l,4-Dichlorobenzene-d4
152 (NPT) = Naphthalene-dS
153 (ANT) = Acenaphthene-dlO

AREA UPPER LIMIT = +100% of internal standard area
AREA LOWER LIMIT = - 50% of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT

# Column used to flag values outside QC limits with an asterisk.
* Values outside of QC limits.

page 01 of 01
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001 00
3/90



SEMIVOLATILE INTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Lab File ID (Standard): R2113.D Date Analyzed: 12/20/94

Instrument ID: HPR Time Analyzed: 0958

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22

12 HOUR STD
UPPER LIMIT
LOWER LIMIT

EPA SAMPLE
No.

SKGW52
SKGW54
GW5301
SKFD01
GW5601
GW5701
GW5001
GW5001MS
GW5001MSD

IS4 (PHN)
AREA #

3025767
6051534
1512884

2782371
2318425
2495216
2678901
2396261
2734194
2883345
2861489
2851742

RT #

16.08
16.58
15.58

16.02
16.05
16.03
16.02
16.02
16.05
16.05
16.05
16.07

•

IS5 (CRY)
AREA #

2310315
4620630
1155158

1940168
1713015
1731715
1662670
1673068
1787244
1937632
1993077
2025679

RT #

22.54
23.04
22.04

22.47
22.48
22.49
22.47
22.49
22.50
22.50
22.50
22.50

IS6 (PRY)
AREA $

1940559
3881118
970280

2362925
2117114
2095084
1961779
1738471
1881837
2205088
2186433
2193783

RT #

26.12
26.62
25.62

26.05
26.07
26.07
26.05
26.07
26.08
26.08
26.10
26.10

154 (PHN) = Phenanthrene-dlO
155 (CRY) = Chrysene-dl2
156 (PRY) = Perylene-dl2

AREA UPPER LIMIT = +100% of internal standard area
AREA LOWER LIMIT = - 50% of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT

# Column used to flag values outside QC limits with an asterisk.
* Values outside of QC limits.

page 01 of 01 " ' 001 01
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8C
SEMIVOLATILE INTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: NYTEST ENV INC Contract: 9421375

Lab Code: NYTEST Case No.: 22571 SAS No.: SDG No.: SKIN6

Lab File ID (Standard): R2152.D Date Analyzed: 12/23/94

Instrument ID: HPR Time Analyzed: 1115

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22

12 HOUR STD
UPPER LIMIT
LOWER LIMIT

EPA SAMPLE
No.

SBLK20
GW5101
SKFB01
GW5501

IS4 (PHN)
AREA #

7186415
14372830
3593208

6600338
6863607
6783821
6900674

RT #

16.97
17.47
16.47

16.95
16.97
16.. 96
16.96

IS5 (CRY)
AREA #

6188469
12376938
3094234

*

5345460
5472958
5505374
5542576

RT #

23.51
24.01
23.01

23.49
23.51
23.50
23.50

IS6 (PRY)
AREA #

5338715
10677430
2669358

6279955
5512186
6574377
6732967

RT #

27.80
28.30
27.30

27.81
27.82
27.79
27.81

154 (PHN) = Phenanthrene-dlO
155 (CRY) = Chrysene-dl2
156 (PRY) = Perylene-dl2

AREA UPPER LIMIT = +100% of internal standard area
AREA LOWER LIMIT = - 50% of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT

# Column used to flag values outside QC limits with an asterisk.
* Values outside of QC limits. no]

page 01 of 01
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ATTACHMENT 4

CERTIFICATION OF COMPLIANCE



IHJff Rust Environment & Infrastructure Inc.

A Rust International Company
11 785 Highway Drive. Suite 100
Cincinnati, OH 45241

Phone 513.733.9374
Fax 513.733.8213

January 22, 1996

Butler County Department of Environmental Services
Butler County Administrative Center
130 High Street
Hamilton! Ohio 45011

Re: Skinner Landfill
Application for Wastewater Discharge Permit
Statement of Compliance

To Whom It May Concern:

This letter responds to the requirements of Section E.4.5. of the Butler County, Ohio Application for
Wastewater Discharge Permit (Baseline Monitoring Report) for the Skinner Landfill located in West
Chester, Butler County, Ohio.

Based upon my review of the Sewer Use Ordinance for the Butler County Regional Wastewater
System dated August 1991 and data developed as part of the Groundwater Design Investigation

- portion of the Remedial Design for the Skinner Landfill Superfund Site, West Chester. Butler
County, Ohio, I certify that the discharge from the groundwater extraction system at the Skinner Site
will be in compliance with the Sewer Use Ordinance and/or Categorical Pretreatment Standards for
all substance listed in Section 3 and 4. Please recognize that the discharge does not currently exist,
and that the data referenced is collected from individual groundwater wells located along the
proposed trench line. The characteristics of the groundwater will be re-evaluated once the full-scale
system is brought on-line.

If you have any questions, please contact me at (513) 483-5321.

Sincerely,

Edward Copeland, P.E., CHMM
Senior Environmental Engineer

Edward C.
Ohid::P£':Registration No. 59098

ecc/gp/certskn. Itr

Quality through teamwork



ATTACHMENT 5

GENERAL SITE PLANS



SKINNER LANDFILL
REMEDIAL DESIGN

FINAL DESIGN (100%) PHASE I REPORT

VOLUME II OF IV, PART 1

THE FOLLOWING MAPS MAY BE VIEWED AT THE U.S. EPA RECORD CENTER,
77 WEST JACKSON BLVD., 7™ FLOOR, CHICAGO, ILLINOIS

1) INDEX MAP GENERAL NOTES LEGEND
2) TRUNK SEWER
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ATTACHMENT 6

SPCC PLAN (DRAFT)



8.4 Spill Prevention Control and Countermeasure Plan (SPCO

8.4.1 Introduction

This Spill Prevention Control and Countermeasure Plan (SPCC) has been developed for the purpose
of providing guidelines in the event of a spill. If a spill of oil or hazardous material occurs that will
impact the soil or surface water this plan will be applicable. During site activities, the prime
contractors will appoint a SPCC coordinator who will report any activity involving this plan to the
Site Coordinator.

8.4.2 Spill Procedures

If a spill occurs that will impact the soil or surface water the following procedures will be followed:

o The SPCC Coordinator will be contacted to coordinate the spill response procedures.

o The SPCC Coordinator will survey the scene of the spill to determine if personnel
present can be involved further in the response. This may involve monitoring with
the PID, FID or CGI. .

o If it is determined that site personnel are in immediate danger and no further action
should be attempted, the SPCC Coordinator will contact the local fire department and
the Site Coordinator who will in turn determine if a response team must be contacted.

o If the SPCC Coordinator determines that site personnel can conduct the spill
response, site personnel will don PPE, as required.

o Site personnel will take the following steps:

• Initiate measures to prevent further spillage (disconnect hose, rum container upright,
etc.)

• Remove ignition sources from the area.
• Restrict access to the spill area.
• Establish containment with sorbent materials to prevent spread of spill.
• Use additional sorbent materials to collect remainder of spilled material.
• Shovel visibly impacted media and sorbent material into drum.
• Seal and label drums. Mark area of spill if further evaluation is required.

The SPCC Coordinator will document the procedures followed during a spill response in the field
log.

8.4.3 Notification

Based on the typical quantities of chemicals introduced during field operations, such as sample
preservatives and decontamination solutions, it is not anticipated that reportable quantity hazardous



I SCO 3 COI
Compact to Fit Anywhere
The 3700C is ideal for use in small, cramped

spaces where a full-size sampler won't fit. It will
easily pass through 18 inch diameter or offset
manholes without disassembly or awkward

Lightweight, Durable
The new 3700C weighs less than 25 pounds,

making it easy to carry and install. This rugged
sampler is designed and built with tough field
use in mind. Its high-strength, corrosion resistant
materials withstand harsh environments. You
can depend on the 3700C for maximum
durability.

The compact 3700Cfeatures:
• Powerful, easy-to-use programs
• Accurate sample volume delivery
• Five bottle configurations
• Quick-change Bottle System
• Superior cooling capacity

Easy Programming in all Applications
The advanced Isco 3700 controller is the brain

of this new sampler. It includes both basic and
extended programs for a wide variety of appli-
cations, including storm water monitoring.
Samples can be triggered based on time, flow
or pH. Buil t- in diagnostics, program storage,
and program security are also included. Rugged N'ENtA -iX. 6 and

IP67 controller rrovides
dependable operidon.

Fully insulated
lime ii'ir/i Lirae,

16 pound ice
capacity provides
effective sample

cooling.



thelscoSTOOC
*fe' * The Only Compact Sampler With Advanced Features





Rust Environment & Infrastructure Inc.

A Rust International Company Phone 513.733.9374
11785 Highway Drive. Suite 100 Fax ' 513.733.8213
Cincinnati. OH 45241

December 6, 1995

Mr. Jamey Bell, Remedial Project Manager
Superfund Division
Remedial Response Branch #1, Section £2
Mail Code: HSR-6J
United States Environmental Protection Agency, Region V
77 West Jackson Boulevard
Chicago, Ill inois 60604

Re: Skinner Landfill, West Chester, Butler County. Ohio
Revised Schedule for Submission of Remedial Design
Rust E&l Project No. 72680

Dear Mr. Bell:

Per our conversation on December 4, 1995, the following proposed revised schedule has been prepared on behalf of the
PRP Group for submissions as part of the Remedial Design for the Skinner Landfill. 1 have worked backwards from
your "drop dead" date of June 24, 1996. While we will make a good faith effort to maintain this schedule, please
remember that this proposed schedule is predicated upon achieving a workable agreement regarding the effluent limits
and landfill cover design.

Item Date Due

Response to USEPA comments on Preliminary Design December 15. 1995
Prefmal Design Submission March 4, 1996
USEPA comments on Prefinal Design (45 days review) April 17. 1996
Final Design Submission (30 days after receipt of comments) May 17, 1996
USEPA Corrections to Final Design (30 days review) June 17, 1996

' Corrected Final Design Submission June 24. 1996

Also. I understand you are available the week of December 11, 1995 (except Monday and Wednesday aftemcon) for
a meeting regarding the landfi l l cover. I will contact Kathy McClanahan at USACE to determine her ava i lab i l i ty and
get back to you. Also. I wil l contact Greg Youngstrom at OEPA regarding setting up a meeting the week of December
11, 1995 to discuss our response to the effluent limits.

If you have any questions, please call me at (513) 483-5321.

Sincerely, „ 0 /]

Edward C. Copeland, P.E., CHMM
Senior Environmental Engineer

c: Larry Bone, Skinner Landfi l l Group
Greg Youngstrom, OEPA
Ed Need, Rust E&l

ecc/gp/sch 7163(1 skn

Ci Quality through teamwork



ATTACHMENT 7
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material spills will occur at the site. However, upon occurrence of a spill on the site, the SPCC
Coordinator will contact the Site Coordinator who will make the determination of a reportable
quantity spill. Oil or petroleum product spills are considered reportable if they create a visible sheen
on surface water.

In the event of a reportable quantity spill, the Site Coordinator will notify the designated
representative of the PRPs who will either authorize the contractor to proceed with the notification
or begin the. notification procedure themselves. The following agencies must be notified upon
discovery of the spill:

o The Ohio Environmental Protection Agency
Department of Emergency and Remedial Response
1(800)282-9378

o The National Response Center
1(800)424-8802

o The United States Environmental Protection Agency
Remedial Project Manager - Jamey Bell
1(312)886-6436

Information to be given during this notification will include the amount, type and location of
material spilled, time of occurrence, countermeasures taken, and type of soil and water involved.

8.4.4 Prevention Program

Contractor personnel, subcontractors and site visitors will take steps to avoid releases of hazardous
materials on the site. The hazardous materials that may be introduced to the site during field
activities include decontamination fluids/solvents, laboratory preservative chemicals, and vehicle
fuels and oils. Treatment chemicals may also be stored and used on-site once the groundwater
treatment system is operating. These materials may include acids and caustics for pH adjustments
and polymers. If these materials are used on-site, they will be stored within the treatment building.

Decontamination of equipment and personnel will occur only at established temporary or fixed
decontamination stations. Decontamination fluids will be managed as described in the Health and
Safety Plan and in the Field Sampling Plan. Use of solvents and decontamination detergents will
not occur directly over exposed soil or surface water.

Laboratory preservatives will be used only as described in the Field Sampling Plan and laboratory
protocols. Personnel will carefully pack and visually inspect preservative containers for leaks.

To avoid spills of vehicle fluids or oils at the site, a temporary containment area will be established
during fueling or servicing of vehicles on-site. The containment area will consist of bermed plastic



sheeting that could contain drips or overfills. Any fuels or vehicle fluids that are stored on-site will
also be stored in a temporary containment area.

In the event containers of hazardous materials are encountered onsite during the field work, field
personnel will note and report the locations of these materials and field work will be conducted to
avoid these materials. Field personnel should not attempt to investigate or move unknown materials
discovered during the site activities.
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The Isco Sample Volume Delivery System
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ISCO 3700C
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Specifications

Height: 27-3/4 in. (70.5 cm)
Diameter 17-3/4 in. (45cm)

Dry weight: 25 Ibs. (11.3kg)
Sampler base capacity.
24 wedge shaped polyethylene (500 ml), 12 round
polyethylene (500 ml), 12 round glass (375 ml), 1
polyethylene (2.5 gal or 9450 ml) bottle or 1 glass
(2.5 gal or 9450 ml) bottle.
Liquid presence detection: Non-wetted, non-
conductive sensor detects when liquid sample
reaches the pump to automatically compensate
for changes in head height.

droller watenightness: Self-certified NEMA
. and 6 ratings (submersible, watertight, dust-

tight, and corrosion resistant.)
Programming modes: Basic, extended, storm.

Sampling modes:
Samfle paring. Uniform time, non-uniform time,
flow, flow paced/time switched, storm (time and
flow paced sampling during sample collection).
(Flow pacing is controlled by external flow pulses.)

Multiplexing. Samples per bottle (1 to 20 with
500 ml bottles; 1 to 17 with 350 ml bottles),
bottles per sample (1 to 24), multiple bottle
compositing.
Sample frequency: Selectable in hours and
minutes between consecutive sample events in 1
minute increments up to 99 hours 59 minutes, or
from 1 to 9,999 flow pulses in single pulse
intervals. Non-uniform time may be entered in 1
minute intervals up to 999 minutes or clock time.

Flow meter signal requirements: 5 to 15 volt DC
pulse or isolated contact closure of at least 25
milliseconds duration. (4 to 20 ma analog or pulse
duration signal may be used with optional
interface unit.)
Rinse cycles: Suction line automatically rinsed
with source liquid before sample collection, up to
3 rinses.

Sample retries: Sampling cycle automatically
repeated if sample not obtained on initial attempt,
up to 3 retries.

Program lode Provides password protection for
input displays.

Program storage: Stores up to 3 programs.
Sampling stop/resume: Up to 24 real time/date
sample stop/resume commands.
Master/slave: Allows the automatic start of second
(slave) sampler.
Interface port: 8 pin connector; data output at
2400 baud in ASCII RS-232 format with
handshake. Allows transfer of Program Setting
Report (PSR) and Sample Results Report (SRR)
to Field Printer or personal computer.

Tubing life indicator. Provides a warning to
change pump tubing.
Intake purge: Adjustable air purge before and
after each sample.
Diagnostics: Tests RAM, ROM, pump, and
distributor.

Number of composite samples to shutoff:
Up to 999 samples.
Sample volume: 10 to 9,990 ml in 1 ml
increments. (Automatically limited by
programmed bottle size and sampling mode.)

Sample volume repeatability: ±10 ml, typical.

Real time clock accuracy: 1 minute per mon^i.
typical.

Suction tubing (intake): 3 ft. (1 m) to 99 it. 50ml
length of 1/4" (0.6 cm) ID vinyl, 3/8" (1 era ID
vinyl, or 3/8" (1 cm) ID Teflon lined tubing.
Suction lift: 26 ft. (7.9 m), maximum.

Pumping rate (at 3 ft. (1m) head): 1/4" (0.6 cm)
ID suction tubing: 5.1 ft. per second (1.6m/sec.).
3/8"(l cm) ID suction tubing: 2.5 ft. per second
(0.8m/sec.).
Operational temperature range: 32° to 120~F
(0° to 50°C.)
Ice capacity: 16 Ibs. (7.3 kg) of ice widi 24
polypropylene (500 ml) botdes
Cooling capacity (with 16 Ibs. (7.3 kg) of ice in
bottle section and 24—500 ml bottles full of
65°F (19°C) water at the start of the test):

After 24 hours:
Sample is 35°F (20°C) below ambient.

After 48 hours:
Sample is 25°F (14°C) below ambient.

Sampler power requirements: 12 volts DC.
(Supplied by battery or AC power converter.)
Sampler standby current: 10 milliamps,
maximum.
External Isco nickel cadmium battery capacity:
7 standard sampling programs. (24 samples at a
rate of one 200 ml sample per hour, using 10 ft.
(3m) of 3/8" (1 cm) vinyl suction line at a 5 ft.
(1.5m) head.)
Controller internal lithium battery life
(maintains internal logic and user selected
settings): 5 years minimum.
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Phone: (402) 474-2233
Toll free: (800) 228-4373
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Skinner Landfill Superfund Site
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4.0 LANDFILL COVER DESIGN

This section provides the information for constructing and maintaining the landfill cover (cover) on
the Skinner Landfill Site. The cover provides an upper level of containment to the underlying waste,
minimizes the infiltration of water from precipitation into the waste materials and eliminates the
potential for contact. This is accomplished by construction of a barrier layer over the waste. To
prevent damage to the barrier, the cover must include control measures for frost penetration, surface
water run-off, landfill gas and slope failure.

This final (100%) design report also discusses construction and long-term care related issues.
Special issues related to the site are discussed including 100-year flood plain influences, ARARs and
permit requirements, and excavation and disposal of soils from the contaminated soils area.

Attachments to Section 4.0 include design calculations, support data, and site drawings.

4.1 Summary of Preliminary Investigations and Data

Prior to the design effort, a Contaminated Soils Design Investigation (CSDI) was performed in 1994.
As part of this investigation, test pits were excavated around the perimeter of the landfill to define
the actual horizontal waste limits. During the excavation of the test pits around the landfill, stakes
were set to mark the encountered limits of waste. These stakes were then surveyed and the
horizontal limits of the landfill waste are shown on Drawing 4.2.

As documented in the CSDI Report dated June 1995, the Remedial Investigation identified
potentially impacted areas outside the main landfill. These areas include the area around the Buried
Pit soil borings BP01 and BP02, and the area around well GW-38, as shown on Drawing 4.4.

The horizontal extent of impact in these two isolated areas around the Buried Pit and GW-38 was
estimated by using the Phase II RI and CSDI borings which encountered impacted soil. The CSDI
provided details of estimated limits of these areas. The estimated excavation to remove the volume
of contaminated soil in the Buried Pit area is approximately 725 cubic yards. The estimated
excavation volume to remove the contaminated soil in the GW-38 area is approximately 150 cubic
yards. The excavated soil from these two areas will be relocated under the landfill cover system as
discussed later in the text.

4.2 ARAR'S and Permit Requirements

The following section is a brief discussion of the Federal and State Applicable or Relevant and
Appropriate Requirements (ARAR's) for the Skinner Landfill Remedial Design as they relate to the
landfill cover.
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4.2.1 Federal ARAR's

Federal Applicable or Relevant and Appropriate Requirements (ARAR's) for the Skinner Landfill
are found as Table 3 in the Record of Decision (ROD). Under the Federal ARAR's the only
requirement applicable to the landfill cap design is to comply with substantive requirements of an
NPDES permit for storm water discharge. Methods to achieve compliance with this ARAR are
described in Section 4.4.4.

4.2.2 State ARAR's

State ARAR's are found as Attachment 3 to the Statement of Work.

Surface Water

State ARAR's applicable to the landfill cap also include provisions regarding stormwater discharge,
and are discussed in Section 4.4.4. Ohio Administrative Code (OAC) Sections 3745-1-04, -05.-17,
and -30 provide general guidelines regarding impact of discharges to surface water and the Mill
Creek basin in particular. OAC 3745-27-09 describes diversion of storm and surface water away
from the solid waste, which is addressed in Section 4.4.4. In addition, there are ARAR's that
impact or address issues within the cap design. OAC 3745-17-08 gives restrictions regarding
emissions of fugitive dust. This ARAR is applicable during construction, and is addressed in Section
8.0.

Air Pollution

Ohio Revised Code 3704-05 generally prohibits violation of regulations found in Ohio
Administrative Code (OAC) 3745-17, which pertain to air pollution control. Since emissions may
occur from gas vents located on the landfill, this ARAR must be addressed. Section 9.0 describes
the long term monitoring plan that will be implemented after the cap is installed, which includes gas
monitoring. The program described in Section 9.0 will be applied to address this ARAR.

Solid Waste

The design is oriented to adjust and relocate some waste currently in the landfill. If the solid waste
is excavated or consolidated, provisions of OAC 3745-27-03 and -13 apply. With respect to the
actual design of the cover, 3745-27-06 and -08 identify the technical information and specifications
required. Finally, closure and post-closure criteria are applicable to the Skinner Landfill cap, and
are found in OAC 3745-27-11,-14, and OAC 3745-50-44.
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Easement

There are three areas on the Skinner landfill site that may require easements. The firm that
performed the boundary survey for the property has been contacted to determine if any easements
of record were discovered in performing the research for the boundary work. J.T. King & Company,
Inc. did not identify the presence of any easements on the site or easements granted to the owners
of the site.

The first area where an easement may be required is along the entrance road where the road parallels
the East Fork of Mill Creek. The property line for the parcel to the south of the site juts into the
Skinner Property to a point approximately 20 feet north of the road.

Possible solutions are: perform a title search to determine the presence of an easement for Skinner
across the adjoiner's property, approach the adjoiner about the possibility of acquiring an easement
or improve the road that climbs the hill to the north of the main access road and cross the top of the
hill to get to the landfill and access the main road.

The second area where an easement may be required is along the property lines that border the north
side of the landfill. In this area, the construction of a berm along the north property line will be
required to prevent water from the "Duck Pond" from settling on the landfill cap. Along the west
side of the "northeast corner", construction is up to the property line.

The third area is along the East Fork of Mill Creek where there is an existing sanitary sewer. This
sewer should include a utility easement.

4.3 Design Approach and Requirements

Design of the landfill cover encompasses several aspects as described previously to enable
construction and long term operation. Design of the remedy is based on the Statement of Work
(SOW), the Record of Decision (ROD), the Remedial Design Work Plan, and the U.S. EPA
Superfund Remedial Design and Remedial Action Guidance, in accordance with the Administrative
Order on Consent (AOC).

The first step in designing a landfill cover is to determine cut/fill requirements for subbase grading.
This will establish a good foundation to receive the final cover. Included in this design are regrading
and slope stability analysis of the steep southern slopes and the consideration of impacts of this work
to the adjacent East Fork of Mill Creek. Maximum slope for the subbase and final cover grade was
determined to be a 3 horizontal to 1 vertical ratio (33%) with minimum slope (plateau) set at 5%.
Cut and fill quantity estimates are included in Appendix 4-1.

The cover consists of a gas venting layer, the barrier layers (cohesive soil, geosynthetic clay, and
geomembrane materials), drainage layer, vegetative soil layer and vegetation. The design activities
further evaluated this cover for material use, availability, and constructability. To protect and
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maintain the cover, the design incorporates surface water drainage control measures for the 100-year
24-hour storm event and the use of erosion and sediment control measures.

An alternate cap profile is desired and is presented in a Technical Memorandum dated March 4,1996
(see Appendix 4-II). The Memorandum evaluates upgrades to the geosynthetic materials and the
elimination of the 18-inch soil barrier layer. A study evaluated the availability of off-site cohesive
soil borrow material that can supply the 1 x 10~7 cm/s material. Availability of this material is one
of several issues being considered in selecting the alternative cap.

4.4 Design Elements Description

4.4.1 Subbase Grades

The landfill cover requires a firm subbase that has slopes that are stable and satisfy minimum and
maximum slope requirements. The subbase grade design activities focus on site regrading to provide
the minimum to maximum slope conditions. Drawing No. 4.5 illustrates the proposed subbase
grades. The plateau areas are graded such that the areas slope at a minimum 5% grade. Beyond the
plateau areas the slopes steepen to a maximum of 33% (3 horizontal to 1 vertical, 3H:1V).

Clean earth fill material is required to achieve the subbase grade; some movement of waste material
is proposed in regrading the site. Currently waste materials, consisting of construction and
demolition debris, scrap materials, and trees, remain uncovered and scattered throughout the site's
sideslope areas. To permit subbase grading and clean earthfill placement to occur, these waste
materials must be moved or adjusted. Also impacting the subbase grading is the need to clear and
grub the trees and shrubs that have grown within and around the waste. The intention in adjusting
the waste is to be able to fill in voids within the waste material with clean soil.

In the Southeast corner of the landfill, waste must be moved to allow construction of the landfill cap.
This area has been the subject of much analysis with regard to the steep waste slope, the proximity
of the East Fork of Mill Creek, and'the construction of the groundwater interceptor trench and cut-
off wall. Remedies previously considered were to relocate the stream to provide room to extend the
toe of slope with fill soil or to construct a retaining wall adjacent to the waste. Considering long-
term care and maintenance, regulatory permitting, and constructability, these remedies present
uncertainties. Pulling back sufficient waste materials to achieve a 3H:1V slope is the desired
remedy. It is estimated that approximately 5200 cubic yards of waste must be pulled back or be
redistributed to achieve this slope (see Appendix 4-1 for volume estimate). The waste materials in
this area are reported to be the last of the waste placed in the site and consist primarily of
construction and demolition debris. Upon regrading of the waste, 12 inches of cover soil will be
spread over the waste to prepare the surface to receive the final cover. Other potential for waste
movement does exist in the vicinity of the Duck Pond and is addressed in Section 4.8.2.
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4.4.2 Slopes and Slope Stability

4.4.2.1 Procedure for Analysis

Slope stability analyses were performed to evaluate the ability of the existing and proposed slopes
to resist earth movement. To demonstrate that the design configuration will be stable for both the
short- and long-term, as well as for static and dynamic (i.e., seismic) conditions, analyses as outlined
in Figure 4.4-1 of Appendix 4-III were performed. Figure 4.4-1 is the flow chart used in determining
which analyses are required.

The stability analyses were performed with the aid of a computer using the computer program
STABL4 written at Purdue University (Siege, 1978). This allows for a large number of potential
failure surfaces to be analyzed with less computational effort for both circular-arc and sliding block
mode failures. Two different methods of analysis were performed by the program: the modified
Bishop method for circular-arc failures, and; the modified Janbu method for sliding block failures.

The modified Bishop method divides the slope into a series of slices and assumes that the potential
failure plane will be in the shape of a circular arc. The factor of safety is then calculated by
determining the ratio of forces resisting movement (shear strength of the soil) to the forces driving
movement of the slope (weight of the soil in the slope).

The modified Janbu method is also a method of slices, but it assumes that the potential failure plane
will be a sliding block along a zone or area of weakness within the soil. It also uses the ratio of
resisting to driving forces for the factor of safety. However, it has three different components: the
active wedge (driving force), a central block (driving force), and a passive wedge (resisting force).

Two different sets of parameters were used for analyzing each section. These were total stress
(undrained) parameters and effective stress (drained) parameters. The total stress parameters model
the situation during and immediately following construction while the pore pressures induced in the
soils have not had the opportunity to dissipate. This is a short-term undrained condition. The
effective stresses model the normal operating situation where the pore pressures in the berm have
dissipated. This is a long term steady state condition.

Additionally, to determine the ability of the remedial design to withstand seismic forces, simplified
(pseudo-static) seismic analyses were performed. A horizontal acceleration of 0.15 g, with a 90
percent probability of not being exceeded in 250 years, was used as the basis for these analyses.

The stability criteria considered applicable for the analysis of the slopes at the Skinner Landfill are
those provided in the U.S. Army Corps of Engineers Manual EM1110-2-1902 entitled "Engineering
and Design Stability of Earth and Rockfill Dams" published in April 1970. The minimum factor of
safety (FS) required under long-term conditions (effective stress parameters) is 1.5. The minimum
FS required under short-term conditions (total stress parameters) is 1.3. For dynamic (seismic)
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analyses, minimum FS values required for short- and long-term conditions are 1.0 and 1.2,
respectively.

4.4.2.2 Typical Cross-Sections Analyzed

A total of four representative cross-sections were selected to be analyzed for failure potential. These
cross-sections were selected based on geotechnical/hydrological conditions, and on the height and
length of proposed final slopes. The cross-section locations analyzed are shown on figures included
in Appendix 4-III. Existing topography, Rust 1994 test borings, Weston 1986 test borings, and Rust
1995-96 design drawings showing proposed final slope configurations were all referenced in
depicting the cross-sections.

The limits of waste were determined from tests pits excavated at the Skinner Landfill site as shown
on Drawing 4.2. Stratigraphy of the sections was determined from the above referenced test borings
on the site. In cases where exact boundaries were not known, such as limits of waste, the boundaries
were over estimated to be conservative.

4.4.2.3 Shear Strength Parameters

The strength parameters used for the analysis represent conservative estimates based on the field test
results, available data in the published literature, and experience and knowledge of local soils.

Presented in Appendix 4-III are several charts and tables which were used in determining appropriate
soil parameters for use in the stability analysis. Soil parameters used for each strata are summarized
in tables in Appendix 4-III.

4.4.2.4 Conclusions

The remedial design proposed for the subject landfill consists of the construction of 3H : IV slopes
along the outside perimeter of the landfill in areas as shown on Drawing 4.6. Within the landfill
perimeter, a minimum slope of 5 percent will govern. Therefore slope stability analysis were
performed to evaluate the exterior slopes as well as the global stability of the proposed final
configuration.

The results of the stability analysis performed to evaluate the stability of the proposed design are
summarized below. The detailed results of these analyses and the typical slip surfaces are presented
in Appendix 4-III.
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SUMMARY OF SLOPE STABILITY CALCULATIONS

Minimum Factor of Safety

Section

A-A

B-B

C-C

D-D

Minimum

Static

Total

1.61 B

2.95 B

1.83 B

1.76 B/C

1.3

Effective

1.77 C

2.99 C

2.03 B

1.88 B

1.5

Seismic

Total

1.13 B

1.72 C

1.09 B

1.09 C

1.0

Effective

1.24 C

1.78. C

1.24 B

1.23 B

1.2

NOTE: C Indicates circular arc type failure governs
B Indicates block type failure governs

The key conclusions based on the above analyses performed are the following:

1. The proposed perimeter fill slopes can be constructed in a stable condition at slopes of 3 H:
1 V or flatter.

2. The most critical condition for stability concerns the long-term seismic performance of the
landfill, although all calculated factors of safety are above the recommended minimum
values.

4.4.3 Final Cover Design

4.4.3.1 Cover Profile

The cover profile from top down is as follows:

• vegetative cover
• 30 inch vegetative support cover soil
• geocomposite drainage layer (HOPE geonet with geotextile on both sides)
• 40 mil textured low density polyethylene geomembrane primary barrier layer
• geosynthetic clay secondary barrier layer (GCL) with maximum permeability of 3 x 10'9

cm/s
• 18 inches of 1 x 10"7 cm/s compacted cohesive soil (clay) secondary barrier layer
• geocomposite gas vent layer (HOPE geonet with geotextile on both sides)
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The above-profiled cap differs from the SOW-described cap in the following ways:

• The 12 inch intrusion barrier is replaced by use of vegetative species that grows tall and thin,
causing burrowing animals such as ground hogs to choose other locations where there is
better protection.

• The geocomposite (HDPE geonet with geotextile on both sides) drainage layer replaces the
6 inch sand layer.

• The geomembrane will be 40-mil instead of 30-mil.

• The geosynthetic clay layer combined with 18 inches soil barrier layer replaces the 24 inches
of compacted clay secondary barrier layer.

• The geocomposite (HDPE geonet with geotextile on both sides) gas venting layer replaces
the permeable soil/aggregate material proposed for gas venting.

• A 30-inch-thick vegetative cover will be provided instead of a 20-inch-thick vegetative
cover.

These changes meet the performance requirement of the SOW-specified cap based on the
equivalency analyses presented below. The Technical Memorandum in Appendix 4-II describes and
demonstrates additional modifications to the cap profile.

4.4.3.2 Elimination of the Intrusion Barrier

The SOW-specified cap requires the installation of a 12-inch-thick intrusion barrier layer consisting
of a 6-inch-thick layer of cobbles and a 6-inch-thick layer of gravel used to serve as a burrowing
animal intrusion deterrent. The purpose of this layer is to prevent damage to the landfill cap. At the
Skinner site, there has been no history of problems with burrowing animal damage, nor has there
been any sign of burrowing animal damage in the immediate landfill area. In addition, the landfill
waste materials do not include any foodstuff materials that could serve as a potential attractant to the
endemic wildlife of the immediate site area.

The incorporation of an intrusion barrier in the SOW was suggested based on the perception of a
potential future impact, involving burrowing animals at the site. This chance occurrence suggested
that burrowing animals could inhabit the landfill site and if this occurred, they might be inclined to
burrow into the landfill vegetative cover soils. The future burrowing activity might result in
penetration of the barrier layer, resulting in precipitation infiltration into the cap and leachate
seepage from the landfill and secondary erosion of the vegetation cover soil in the immediate area
of the burrow site.
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Evaluation of this SOW requirement indicated that control measures to prevent burrowing animal
damage at the Skinner Landfill site do not require direct, physically-eq aivalent, barrier placement
measures. Instead, since wildlife have different life requirements and behavioral characteristics,
there is no simple physical solution to this possible condition. As a result, the potential wildlife
species that could cause burrowing damage were evaluated.

The muskrat, known to burrow, principally conducts activities in aquatic habitats adjacent to large
ponds, dams, reservoirs and similar areas. It is believed that the Duck Pond does not represent a
sufficient body of water to attract muskrats, and as such the Skinner site does not have the
appropriate habitat requirements to make muskrat damage a possibility. Small mammals such as
shrews and voles are very shallow surface burrowers. Appropriate vegetative cover and plantings
of species that permit vertical observation of the ground by raptorial birds make such site conditions
unsuitable habitats for these mammals and as a result these conditions are avoided by this mammal
group. Raccoons are not normally known to be burrowing animals. This species only uses dens and
burrows developed by other species after the burrowing species has vacated the den or burrow
location. Skunk is a burrowing species but the skunk is a shallow burrower and is unlikely to
penetrate a barrier layer. Squirrels can be burrowers but this species is also a shallow burrower and
prefers dense shrubby conditions that provide cover and concealment opportunities to the species.
The woodchuck (groundhog) is the wildlife species with potential for burrowing into a landfill
barrier layer. The woodchuck has the habit of foraging within 50 to 100 ft of the burrow opening.
If the distance to suitable forage sources is kept beyond the 50 to 100 foot distance from the landfill
site, the occurrence of this species is greatly reduced since rapid, easy "emergency'" access to the
burrow location is required by this species.

A first measure used to substantially reduce the potential for burrowing animal damage on a landfill
site is the selection of a cover vegetation species that does not provide significant cover and
concealment opportunities for small or intermediate mammal species. Through careful selection of
vegetation, the habitat presented at the landfill site can be inhospitable to wildlife species of concern.
The local USDA Soil Conservation Service (newly renamed the Natural Resource Conservation

Service), District Conservationist has recommended the establishment of a vegetation cover
consisting exclusively of Tall Fescue (Festuca arundinacea) with an initial growth of ryegrass. The
Tall Fescue is a cool season perennial grass that grows to a height of 2 to 3 feet but does not provide
a dense thick low ground cover suitable for mammal concealment. In addition. Tall Fescue is
considered to be a good conservation (erosion control) grass species but does not provide good
forage to small and intermediate mammals.

A second burrowing animal damage control measure is the selection of an appropriate soil for the
development of a vegetation cover. Burrowing animals do not normally select hard clayey soil
material in which to dig out burrow locations. Rather, these species prefer soils that have a high silt
or sand composition (friability) in which to develop burrow locations. At the Skinner site clay rich
top soil materials can be used to discourage the wildlife species in the area from burrowing into these
materials. The clay rich soil will be placed with the first lift being 18 to 24 inches thick using a low
ground pressure tracked vehicle. Using a thick lift and low ground pressure vehicle will give
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minimal compaction to the surface of the layer, thereby protecting the underlying geomembrane
from damage aue to heavy compaction.

The third control measure that has been developed for the Skinner Landfill site incorporates the
elements of an integrated animal control program. In this program, control methods are
implemented based on observation of animal damage occurring at the site. This program is based
on periodic site inspections conducted to determine if there is any physical evidence of animal
damage to the landfill site. If damage is not observed, this level of site surveillance is conducted
to provide continued assurance that no subsequent animal damage occurs. If any evidence of animal
incursions into the landfill site are observed, deterrent methods will be used, including the use of
repellant sprays in the area of observed damage. Repellent materials could include such materials
as Hinder®, BioMet 12®, Hot Sauce Animal Repellent®, SHOO®, Chaperone* and Scram8. In
conjunction with repellent sprays, mechanical devices such as electromechanical "thumpers" could
be installed at the landfill to cause the burrowing animals to be irritated and thus avoid the site. If
these integrated animal management practices are unable to control and eliminate the animal damage
to the landfill site, the remaining procedure would involve the trapping of the offending animals at
the site and the relocation of these animals to an area distant from the landfill. The integrated animal
control program described above has been designed to provide progressive, nonlethal control
mechanisms that are directed at specific problem resolution if and only if it occurs at the site. This
approach eliminates the need for an animal intrusion barrier.

As described above, animal damage to the Skinner site as well as other closed landfill sites in Ohio
and the Midwest have not been observed as a post-closure problem. There are no closed sites in the
area that have such an elaborate intrusion barrier, nor is it a component of the Ohio Solid Waste
Regulations. The program detailed above will be completely adequate to address the problem of
potential burrowing animal damage should this problem arise some time in the future at the Skinner
site.

In review:

• There is no history of burrowing animal damage at the landfill site, nor does the existing
landfill site appear to provide suitable habitat including cover, concealment or foraging
opportunities for such wildlife species.

• Site investigations and monthly surveillance monitoring conducted for over 1-1/2 years has
not identified any wildlife related impacts to the existing site.

• Tall Fescue has been selected as an optimal grass species that will provide erosion control,
slope stabilization and a protective cover while not providing cover, concealment or
substantial foraging opportunities for small or intermediate sized mammals.

• The above description has outlined an effective integrated animal control program for
implementation at the site. A graduated action plan has been described and is responsive to
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any potential wildlife damage observations for the site area. Specific, progressive, effective
and efficient control measures are described depending on the occurrence of potential animal
use of the site.

• There is not a regional history of significant burrowing animal damage recorded for other
closed CD&D type landfills in Ohio or in the Midwest in general. In addition, intrusion
barriers have not been installed at any of these landfill sites.

• The use of intrusion barriers is not a requirement for this type of landfill under the existing
Ohio Solid Waste Regulations pertaining to the Skinner site.

4.4.3.3 Using a Geocomposite for Drainage Layer

The SOW indicates the drainage layer "may be composed of six inches of sand with a geotextile
fabric base, or of various commercially available synthetic products;". Based on this flexibility in
selecting the drainage layer material, the use of the geocomposite is permissible. Further, the Ohio
EPA has approved this media for use as the drainage layer for final cover at other sites in Ohio. The
proposed geocomposite will consist of a HDPE geonet with a heat-bonded, 6- to 8-oz non-woven
geotextile on both sides of the geonet. The geocomposite drainage layer will discharge to the
perimeter swales through a daylight as shown on Drawing 4.14, Detail 4. The drainage layer
daylight is positioned at a minimum height of 18 inches above the bottom of the drainage swale to
be above the flow in the swale.

As confirmation that this product is suitable, an equivalency analysis was performed to relate the
transmissivity of a sand drain layer to a geosynthetic drain layer. The equivalency analysis with
respect to drainage, as well as gas venting, is discussed later in Section 4.4.3.5. That analysis
compared the transmissivity of the two media and their ability to move water over time. A
geocomposite is equivalent for use as the drainage layer based on the analysis which showed the
geocomposite has a hydraulic transmissivity of 1.3 x 10~4 nr/s which is higher that 6 inches of sand
that has a hydraulic transmissivity of 7.35 x 10~6 nr/s.

4.4.3.4 Using a Geosynthetic Clay Secondary Barrier Layer

The desire to use geosynthetic materials as much as possible for the final cover is predicated on the
need to select a solution that reduces the transportation of materials to the site, thus reducing impact
to the community. The cover profile proposes a secondary barrier layer composed of a geosynthetic
clay layer (GCL) and an 18-inch-thick layer of 1 x 10"7 cm/s compacted soil. Based on the
November 30, 1995 meeting with Ohio EPA, this secondary barrier layer is acceptable. An
equivalency analysis was performed that compared the use of a GCL with a compacted soil layer to
the SOW-described barrier layer consisting of 24 inches of IxlO" 7 cm/s compacted soil layer. The
equivalency analysis uses the HELP Model or Hydrologic Evaluation of Landfill Performance
Model Version 3.01, (14 October 1994) to assess the complete soil profile. The profile is compared
to the base line profile which uses the 24 inches of compacted soil without the GCL. Equivalency
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is satisfied if the profile has equal or less percolation through the barrier layer. Default climatic
conditions for the Cincinnati, Ohio area and default soil characteristics were chosen for the
simulations. In analyzing the cover with a geomembrane, the liner condition was set at 1 pinhole
per acre for manufacturer defects and 3 pinholes for installation defects.

The model does not provide the means to have consecutive barrier layers. The profile has two
material layers that act as barrier layers, the geosynthetic clay barrier layer and the 18 inch soil
barrier layer underneath. The model instructions recommend computing an equivalent barrier layer
based on the proposed materials and their thicknesses. Therefore, equivalent values were computed
for a barrier layer consisting of the two soils materials and the equivalent values were used to
represent one barrier layer. Those HELP Model printouts are attached in Appendix 4-IV.

The results of the modeling are as follows:

Annual Precipitation

Runoff

Evaporation

Discharge from Drainage Layer

Percolation through Barrier Layer

SOW Profile
Baseline Condition

Inches (CF per Year*)

40.64(1,549,070)

5.714(217,807)

27.0(1,029,100)

7.879 (300,273)

0.00001 (0.245)

Proposed Condition
Inches (CF per Year*)

40.64(1,549,070)

5.714(217,807)

27.0(1,029,100)

7.879 (300,273)

0.00001 (0.220)

* Cubic feet per year values are based on 10.5 acre landfill cap area.

Both profiles have very similar performance and are essentially equivalent. The proposed condition
shows slightly less percolation through the barrier layer at 0.220 cubic feet per year percolation
versus 0.245 cubic feet per year for the baseline profile. Considering the calculation is starting with
over 1.5 million cubic feet per year of precipitation, the values of 0.245 and 0.220 cubic feet per year
are essentially zero, within the error limit of the analysis.

4.4.3.5 Gas Venting Layer Geocomposite

Previously noted in the drainage layer geocomposite discussion was that a sand drain layer to a
geocomposite drain layer equivalency analysis was performed. For a gas venting layer the media
is conveying landfill gas from within the landfill through a pervious medium that is positioned under
the barrier layer to a passive gas vent. The SOW describes the gas venting layer medium as
permeable materials such as sand. Again the key issue in choosing to use a geocomposite is the
reduction of transportation vehicles bring materials to the site. The geocomposite involves 30 to 40
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trucks while the sand would involve about 500 trucks. Equivalency of a sand drain layer to a
geocomposite (HDPE geonet with geotextile heat bonded to both sides) was evaluated based on
discharge capacity(Q) over time. The detailed analysis is contained in Appendix 4-V. The results
of the analysis shows that a 6 inch sand layer has a hydraulic transmissivity of 7.35 x 10"6 nr/s while
the geocomposite has a hydraulic transmissivity of 1.3 x 10"4 m2/s. Therefore, the geocomposite
venting layer can replace a sand venting layer, actually providing more gas venting potential than
the sand layer.

4.4.3.6 Profile Conclusion

The cover profile with proposed revisions, geosynthetic materials, and reduced soil cover thicknesses
provide equivalent containment to secure the landfilled waste materials, vent landfill gases, drain
infiltrating precipitation water, protect the barrier layer from frost penetration, and deter burrowing
animals. Continuing cover system analysis proposes additional soil material reduction based on the
equivalency confirmation of the proposed geosynthetic material. An accompanying technical
memorandum to the Design Report reflects the proposed upgrade to the geosynthetics and
elimination of the barrier layer soil (see Appendix 4-II for Technical Memorandum).

4.4.3.7 Cover Stability Analysis

The stability of the design cover placed on a 3H:1 V slope was evaluated based on an infinite slope
concept for both the as-built condition and the construction condition, i.e., where heavy equipment
is placing clay on the geosynthetic layers. The analyses were performed by hand calculations which
are shown in Appendix 4-VI of this report. The methods of analysis used were as illustrated in the
book "Designing with Geosynthetics" Third Edition, by Robert M. Koerner, Ph.D., P.E., published
1994. The characteristics of the equipment assumed for use in construction of the clay slopes is
shown in Exhibit 6 of Appendix 4-VI of this report.

Since the analyses performed are only as valid as the data used, particular care was taken to
determine realistic parameters for use in all of the analyses.

Actual test data were not available for the clay cover material to be used since the off-site source of
this material has not been established. Also the on-site silty sand to be used for the waste cover layer
has not yet been tested. Based on experience with the types of soils involved, extremely
conservative parameters were assigned to these soils for use in the analyses performed. These
assumed parameters are shown in the calculations in Appendix 4-VI of this report.

The parameters used in analyzing the stability of the geosynthetic cap structure components were
obtained from data from the 1996 edition of the geosynthetic technical manual issued by National
Seal Company and tests performed on these materials in Rust's Geosynthetics Laboratory. The
analysis and parameters required included: sliding resistance of the upper and lower soils layers
against the surface of the non-woven fabric surfaces of the geocomposite drainage mats; and the
friction angles and adhesion values used in analyzing the sliding resistance along the contact surfaces
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of the various geosynthetic layers. The parameters used in the analysis were obtained from tests
performed on these materials in Rust's Geosynthetics Laboratory. Summarization lists of typical
test results and the values selected for use in the analyses performed are shown in Exhibits 1 through
6 in Appendix 4-VI of this report.

A summary of the minimum Factors of Safety (FS) values for the as-built condition obtained in the
analyses performed is presented below:

SUMMARY OF FACTORS OF SAFETY
(AS-BUILT CONDITION)

Interface

"A"

1

2

3

4

"B"

5

6

"C"

Assumed Sliding Plane

Through 30" cover soil layer

Cover soil on Geocomposite

Geocomposite on 40 mil FML

40 mil FML on GCL

GCLon 18" clay layer

Through 18" clay layer

Clay on Geocomposite

Geocomposite on silty sand layer

Through 12" silty sand layer

Factor of Safety

1.85

2.56

2.62

1.10(2.20)*

2.73

1.11 (1.66)**

2.22

2.07

2.17

**
Assumes 20% of available GCL tensile strength is mobilized.
Assumes saturated soil cohesion of 300 psf rather than 200 psf.

Note: FML indicates textured Polyethylene material. .
GCL indicates geosynthetic clay liner.

The results of the analysis indicate that sufficient Factors of Safety (FS) exist along the various
interfaces of the cover components so that tension will not need to be developed. However, in the
cases on Interface 3 where FS value is lower (i.e., FS = 1.10), assumption of only 20 percent of the
available Geosynthetic Clay Liner (GCL) tensile strength would double the FS values.

Since this tensile strength will be available (in case it is needed) the stability along these interfaces
is considered to be equally as safe as the other failure planes analyzed. It should be noted that the
most critical layer (i.e., lowest potential factor of safety) is the 18-inch-thick cohesive soil layer. The
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strength properties of the soil used for this layer will require careful selection and undergo vigorous
testing to ascertain its shear strength in a potential saturated in-situ condition.

4.4.3.8 Waste Consolidation

With placement of general earth fill or relocated waste in flat low areas of the landfill and placement
of the final dbver, some areas of the site will receive up to ten feet of material over the existing waste
surface. A waste consolidation analysis was performed to determine the level of consolidation
(settlement) that could occur and if the settlement will impact the cover. Appendix 4-VII provides
the analysis. Three different methods for calculating waste settlement were employed resulting in
a maximum potential settlement of 4 feet. The resulting strain on the cap material was evaluated
based on a distance between a zero settlement location and the maximum 4 feet settlement location.
Under the most conservative conditions considered applicable, strains produced in the capping
system due to differential settlement are below 1% while the materials can tolerate up to 10% and
greater strain.

4.4.4 Surface Water Drainage

Surface water drainage control is achieved for the site through the construction of a network of
interceptor ditches, drainage letdowns, and culverts. The design of the controls considers both
surface water run-on (surface water from off-site that drains on to the site) and surface water run-off
(surface water from on-site that drains off of the site). A 100-year/24 hour storm event was used
as the design basis for sizing the drainage features to handle severe conditions. Key to the design
is the incorporation of erosion control measures to minimize damage of the landfill cover. To protect
the in-place cover from erosion, mulch and erosion matting will be placed in appropriate areas
around the landfill area. To prevent sediment deposition off-site, ditch checks, straw bales, and silt
fencing will be installed.

The regional watershed flow for the Skinner Landfill Site is generally north to south and east to west.
All surface water flow eventually reaches the East Fork of Mill Creek, which runs along the
landfill's southern limit. The site is impacted by four watersheds which include off-site and on-site
acreage. The on-site watershed limits are based on proposed final grades. The watersheds are
depicted on Drawing 4.7 and are as follows:

Eastern Watershed: Northeast corner of the site, off-site acreage to the north and east, and the
eastern sideslopes of the landfill. Drainage flows west to east and north to south.

Western Watershed: Northwest corner of the site; off-site acreage to the north; and northern and
western sideslopes of the landfill. Drainage flows east to west and north tc south.

Central Watershed: On-site area of the buried lagoon where drainage flows from the southwest to
northeast and from the northeast to southwest to a central swale that flows to the south to a
downslope flume.
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Southern Watershed: On-site area consisting of the south slope of the landfill that sheet flows to
the south.

Surface water runoff from the plateau areas onto the 3H:1V sideslopes will be intercepted in
diversion ditches located at or near the top of the 3H: 1V slopes. The diversion ditches flow to either
a perimeter drainage swale or to a drainage letdown. Drainage letdowns provide the means to get
channeled flow down a 3H: 1V slope in a controlled manner. At the perimeter of the landfifl, shallow
sloped drainage swales will serve to collect and drain on-site run-off and off-site run-on around the
landfill and discharge it to the East Fork of Mill Creek.

The Rational Method was used to determine the surface run-off, and the average run-off coefficient
was based on well-vegetated, low-permeability soil. The average rainfall intensity was obtained
from rainfall intensity-duration-frequency curves for the Cincinnati area. Flow for each ditch and
culvert is based on the size of the watershed area for each particular channel. Manning's Equation
with vegetative retardance was used to size the diversion ditches and the perimeter swales. The
drainage letdowns result in steep channel slopes attaining critical flow for which Manning's
Equation is not valid. Therefore, the letdowns are sized based on the critical flow equation using
a maximum channel depth of 6-inches (see calculations in Appendix 4-VIII).

4.4.5 Landfill Gas Management

As the degradable waste in the site decomposes, landfill gas will be generated. Municipal solid
waste landfills typically contain a large amount of degradable waste and have high quantities of
landfill gas generation. The Skinner landfill site reportedly accepted some municipal solid waste,
but a large portion of the waste accepted was construction debris and demolition (CD&D) waste.
This CD&D waste stream is typically inert and generally is not expected to generate gas due to
limited decomposition. Based on the unknown waste decomposition potential, estimating gas
generation quantities is not feasible for this project.

Nonetheless, to provide gas control, the landfill gas management system for the site will consist of
passive gas venting and a gas monitoring program. Installing a passive gas venting system as part
of the remedial action provides an in-place system for gas relief. The gas monitoring program
provides a method to assess and gauge the production of landfill gas along with an action plan
described in the O&M Manual, for implementation of additional venting/control measures if the
monitoring identifies a need.

Landfill gas control for the site will consist of the venting layer in the landfill cover and passive gas
vents. Gas in the waste will migrate until it reaches the final landfill cover. The barrier layer of the
cover will serve to prevent continued movement, encouraging the gas to migrate laterally in the
permeable venting layer. Passive gas vents, placed at high points in the venting layer, will vent the
gas to the atmosphere.
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The gas monitoring program will consist of monitoring methane gas concentration levels at the
passive gas vents and in gas probes placed around the waste limits (typically within 50 feet of the
waste limit). Monitoring at the gas vents will provide a measure of gas concentration within the
landfill. The perimeter gas probes will serve to detect gas migration away from the landfill.

4.4.6 Long-Term Monitoring and Operation Requirements

Following completion of construction, post-closure care activities consisting of inspection,
monitoring, and repair tasks related to the long-term maintenance and operation of the cover and gas
system will be performed.

Inspections shall be performed on a quarterly schedule to identify:

• animal burrowing,
• areas of refuse subsidence,
• areas of final cover erosion,
• sediment buildup in the drainage control system, and
• areas of poor vegetation, and miscellaneous items in need of repair.

Monitoring of the gas system will occur on a quarterly schedule for five years from the start of the
post-closure care, reduced to semi-annually for 25 additional years unless the U.S. EPA authorizes
the monitoring to cease earlier. Monitoring shall consist of a measure of the gas concentration. An
action plan will trigger if measurements of 50% of the LEL occurs in the landfill probes.

Annually a report shall be prepared summarizing the post-closure care activities that occurred
including:

• inspection reports,
• landfill gas monitoring data,
• repair details along with any associated documentation on construction quality assurance,

and
• gas program action plan tasks, if necessary.

Ultimately, construction of the landfill cover will create an open green space which is aesthetically
pleasing. As post-closure care monitoring shows the site is secure in its waste containment, future
site use could include park and recreational functions. Such uses may require site amendments to
enable the continued operation, maintenance, and monitoring of the containment features while
providing public access and use. A benefit to converting the site to provide public access and uses
is that site maintenance is performed on an active basis as a result of daily use versus a reactive basis
when access is restricted and inspections are performed on a quarterly or semi-annual schedule.
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4.5 Constructability Evaluation

The following sections discuss how to construct the various cap components. Additionally, the
ancillary features such as the storm water drainage control are addressed.

4.5.1 Site Preparation and Subbase Grades

To prepare the site to receive the final cover will require the installation of sediment controls,
clearing and grubbing of vegetative cover, construction of access roadways, and grading of the
landfill subbase grade. Drawing 4.3 illustrates erosion control measures proposed for the
construction phase of the remedial design components. To facilitate final cover construction, the
existing landfill surface must be prepared, including clearing and grubbing of the vegetative cover
and grading the waste surface to establish the design subbase grade. The key elements for base grade
shaping are:

• Moving waste from the perimeter of landfill to center of landfill.
• Grading waste to bottom of final cover grades.
• Placing earth fill in areas to meet minimum 5% and maximum 33% of final cover grade

slopes.
• Controlling grades and confirming with topographic survey.

4.5.2 Final Cover

The final cover consists of a geocomposite gas venting layer, an 18 inch compacted cohesive soil
barrier layer, geosynthetic clay layer (GCL), 40 mil textured polyethylene flexible geomembrane,
geocomposite drainage layer, and a 30-inch vegetative cover containing at least 6 inches of topsoil.
The construction effort will begin by deploying the geocomposite gas venting layer over the finished
subgrade. Before deploying the geocomposite, the top of the finished subgrade must be inspected
for larger stones which may cause damage to the geocomposite. The first lift of cohesive layer soil
is spread to loose thickness of 9 inches and compacted with a vibratory roller in order to minimize
damage to the underlying geocomposite. The remaining lifts will be placed on the wet side of
optimum moisture content in maximum 8-inch-loose lifts and compacted with a sheepsfoot
compactor to 95% of the maximum dry density (Standard Proctor) in order to achieve a hydraulic
conductivity of 1 x 10'7 cm/s or less. Preconstruction conformance testing will confirm the 95%
compaction is sufficient to achieve the required hydraulic conductivity and establish required density
and moisture content levels. The top of the compacted clay capping layer is sealed using a rubber
tire compactor or vibratory steel roller to preserve the compacted clay layer until the geomembrane
layer is deployed. At that time the clay layer shall be scarified to provide good contact with the
geosynthetic clay layer.

The GCL and 40 mil geomembrane is deployed over the finished cohesive layer. It is anchored at
the top of the slope, and the joints seamed per the manufacturers specifications. Seam testing is
performed as the seams are completed.

ecc/gp/95d72680.skn 39 May 20, 1996



Skinner Landfill Superfund Site
Final 100% Remedial Design Report

Another geocomposite layer is deployed as a drainage layer over the 40 mil geomembrane. The
geocomposite is placed over the geomembrane layer per manufacturer specifications. Travel is
restricted on the geocomposite with any type of vehicle until a 18 inch thickness of vegetative cover
is spread over the geocomposite. The remaining vegetative cover material is spread over the
geocomposite using a low ground pressure tracked dozer. A 6-inch topsoil layer is spread, and the
final surface is graded to prepare for seeding.

Prior to seeding, the topsoil is prepared by loosening it to a depth of 2 inches and leveling. Any
stones 4 inches or greater in diameter and debris from the topsoil surface is removed. Seed, fertilizer
and mulch is then applied. Seed will consist of Tall Fescue K-31 (80 Ibs/ac) combined with "quick-
cover" perennial ryegrass (80 Ibs/ac). Fertilizer shall be 1000 Ib/acre of 12-12-12 mixture.

Mulch can consist of straw or suitable similar material and anchored in place. Seed, fertilizer and
mulch may be applied in one application using hydroseeding techniques with the use of a tackifier
if necessary.

4.5.3 Surface Water Drainage Control

Control of surface water drainage is necessary to minimize erosion effects to the final cover surface,
prevent surface water from flowing into active construction areas, route surface water around the
landfill perimeter, and prevent sediment transport off-site. Analysis of surface water drainage
considers drainage of overland flow across the landfill with development of intermediate diversion
swales. Diversion swales are proposed for the final grades and are located at the top of the southern
sideslope to direct drainage to letdowns. The letdowns are located at intervals corresponding to the
shape of the landfill. The letdowns will discharge to the perimeter drainage swale system.

Perimeter drainage swales will serve to collect the overland flow and letdown flow to control surface
water run-off and run-on. The perimeter drainage swales flow to the East Fork of Mill Creek. A
sedimentation basin will not be constructed due to site constraints. However, sediment will be
controlled by a series of ditch checks consisting of gabions, straw bales, and silt fence installed in
the perimeter drainage swales at several locations.

4.5.4 Pre-Construction Testing

A third party shall perform the laboratory tests required for construction. This will confirm that the
materials for the final cover meet the project specifications. Refer to the Construction Quality
Assurance Plan for tests and frequencies of cover material testing.

4.5.5 Construction Quality Assurance

An on-site construction quality assurance (CQA) consultant shall confirm that the construction
activities comply with the project specifications and the lines and grades presented in the project plan
drawings. The CQA Consultant is an independent consultant that is responsible for observing and
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documenting activities related to the quality assurance of the project for the installation of the facility
components. The facility components include: foundation (subbase), and final cover system.

The CQA Consultant shall be experienced in quality assurance activities for the assigned task. Field
representatives shall have specific experience in the installation of items for which they are
responsible. Operators of the nuclear moisture/density meter shall be certified in its operation and
use.

The CQA Consultant shall observe and document the activities of the contractor in sufficient detail
and with sufficient continuity to provide a high level of confidence that the work complies with the
design drawing and documents. In addition, the CQA Consultant shall perform and repeat tests, as
necessary, to provide a high degree of certainty that the physical/mechanical characteristics of each
item covered under this plan meet or exceed project specifications.

The CQA Consultant shall issue a report at completion of construction activities under the seal of
a professional engineer registered in the State of Ohio. These reports shall include, at a minimum,
visual observations and test results. In addition, problems encountered and resolved shall be
documented.

The CQA Consultant is required to inform the project manager and contractor, in a timely manner,
of any difference of the CQA Consultant's interpretation of the plans and documents from the
contractor's interpretation as soon as they come to the CQA Consultant's attention.

Testing of soil materials during construction shall consist of density and moisture content to confirm
that the construction of the final cover meets or exceeds the target values established by the pre-
construction tests. Target valves for density and moisture content are determined as a result of
testing to achieve the required 1 x 10'7 cm/s hydraulic conductivity for compacted cohesive soil.

Testing during construction of the geomembrane layer shall consist of continuous nondestructive
seam testing, destructive seam testing and daily field seam trial welds. Specific details on these test
procedures/methods and frequencies are discussed in the Construction Quality Assurance Plan.

Confirmation of final cover system grades shall be completed through surveying. Thickness of the
compacted cohesive soil layer shall be calculated by comparing surveys taken before and after
placement of cohesive soil. Surveying shall be completed by or under the direction of a licensed
surveyor registered in the State of Ohio.
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At the completion of the construction work the CQA Consultant shall prepare a report that records
the quality control and quality assurance efforts used during construction to verify substantial
compliance with the remedial design. The reports shall consist of the following:

• Description of construction activities.

• Recorded survey data which at a minimum shall include base grade elevations, final cover
elevations at top of compacted clay layer, and top of vegetative cover.

• Results from material testing of the soils, geocomposite, geomembrane layer, and GCL.

• Drawings and photographs that depict site construction activities and recorded conditions.

• A description of any deviation from the approved plan, as approved by U.S. EPA and OEPA.

Copies of the report will be submitted to the U.S. EPA and Southwest District Office of the OEPA
along with certification statements of the substantial compliance with the approved remedial design
plans.

Refer to the Construction Quality Assurance Plan (CQAP) for a detailed description of the CQA
responsibilities, requirements, procedures, tests, etc. The CQAP is found in Volume IV, as Support
Plan I.

4.5.6 Facility Layout

Management of the construction effort requires up front planning to provide a successful
construction project that provides for: ingress and egress; material storage and stockpiling;
equipment and construction personnel parking; and setup of temporary facility trailers for
contractors, PRPs and PM, CQA Consultant, and regulatory agency. The plan for facility layout is
attached as Drawing 4.2. The selected contractor will update the plan to best suit his operation upon
contract award.

4.6 Technical Specifications

This section presents general information regarding the project material specification. The
specifications presented below are minimum standards considered for the design.

4.6.1 Final Cover - Compacted Cohesive Soil Capping Layer

The compacted cohesive soil layer shall conform to the following:

1. Material: Soil with a Unified Soil Classification System designation of CL-ML, CL. or CH.
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2. Permeability: 1 x 10'7 cm/s or less.

3. Compaction moisture content: At -2% to +4% of optimum moisture content, based on the
standard Proctor curve used for degree of compaction determination.

4. Degree of compaction: At least 95% of the standard Proctor maximum dry density.

5. Construction lift thickness: 8 inch or less, loose.

6. Total layer thickness: Minimum of 18 inches.

4.6.2 Final Cover - Geosynthetic Clay Liner (GCL)

The GCL used for the final cover system shall consist of new material of first quality bentonite
sandwiched between two layers of non-woven geotextile, with the layers stitch bonded together.

4.6.3 Final Cover - Geomembrane

The geomembrane used for the final cover system shall conform to the following:

1. Material: New, first-quality, low density polyethylene resin.

2. Thickness: 40 mils.

3. Textured on both sides of the sheet.

4. Physical properties of resin used for extrusion welding shall be the same as those of resin
used in manufacture of geomembrane.

4.6.4 Final Cover - Vegetative Soil Cover Material & Topsoil

1. Material: Soil shall have sufficient fertility to support vegetation and protect the
geocomposite and geomembrane from damage due to root penetration and frost. It shall be
free of debris and rock over 4 inches in diameter. It shall be clayey in nature.

2. The top 6 inches shall consist of topsoil that is a humus material that is capable of supporting
vegetative growth and is free of debris and rocks over 4-inch in-diameter.

3. Thickness: Minimum of 30 inches.

4. Compaction: Vegetative soil cover shall be placed with a minimum of compactive effort in
order to promote growth of vegetation.

ecc/gp/9Sd72680.skn 43 May 20, 1996



Skinner Landfill Superfund Site
Final 100% Remedial Design Report

4.6.5 Final Cover - Vegetation

The vegetation process of the final cover system shall conform to the following:

1. Seeding: tall fescue (80 Ibs/acre) combined with "quick cover" perennial rye grass (80
Ibs/acre).

2. Fertilizer: 12-12-12 mixture (1000 Ibs/acre).

3. Mulch: straw (120 bales/acre).

4.7 Construction Schedule

A construction schedule was prepared for this design submittal to begin considering the impacts of
the construction, identifying key construction tasks and potential concerns relative to other tasks, and
considering overall use of the site as laid out per the above discussion and drawings. Section 5.1
provides the proposed construction schedule.

4.8 Special Issues

This Remedial Design effort required evaluating other special issues that are affected by the
construction or that may affect the remedial design. These issues are discussed below.

4.8.1 Flood Plain

The Skinner landfill site is bordered on the south by the northern portion of the East Fork of Mill
Creek. According to a phone conversation with the Butler County Planning and Zoning Department,
the Skinner site is located on the Flood Insurance Rate Map (FIRM) Panel 25. This panel has not
been drawn because there are no large streams with respect to flooding located in this area. The 100-
year flood plain, as shown on FIRM Panel 50 for Mill Creek, is located about 1.0 to 1.5 miles
southwest of the site and is described as Zone A, which is an area of the 100-yr flood plain in which
base flood elevations and flood hazard factors have not been determined. See Appendix 4-VI for
illustration of the flood plain and the site location.

Further evaluation of the 100-year flood level in the East Fork of Mill Creek was performed. A
regression equation was used to determine the required capacity needed in the subject creek channel
to have a 100-year flood impact. Based on the result, the predicted watershed run-off flow was
determined and confirmed that it was less than the channel's 100-year flood level. See calculations
in Appendix 4-IX.
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4.8.2 Duck Pond Status

Located north of the landfill waste boundary on the adjacent property is a small pond, known as the
Duck Pond. Waste material extends to the edge of this pond requiring that it be drained for
construction of the landfill cover. A berm is proposed to be constructed along the property limits
to maintain separation of the ponded water and the capped waste. Further, an outlet drainage ditch
is proposed to maintain the water level such that it does not buildup over the berm and on to the
landfill. Drawings 4.6 & 4.14 illustrate the pond, proposed berm alignment, proposed outlet
drainage swale, and cross section of the berm and landfill cover. Property line field verification is
necessary to confirm location of the berm. Some excavation of waste may be required to provide
sufficient room to construct the landfill cover and this berm. Following construction of the berm and
landfill cover, an on-site perimeter surface water drainage swale is planned along this area which will
utilize the berm to form the drainage channel's outboard slope.

4.8.3 Excavation of Buried Pit Soils

As a result of a Phase II Remedial Investigation conducted from 1989 to 1991, potentially
contaminated soil was identified in isolated areas as shown in Drawing 4.4. The isolated areas
identified in the CSDI include areas around the Buried Pit soil borings BP01 and BP02, and the area
around well GW-38. The volume of contaminated soil and over excavation to form the trench
1H:1V side walls is estimated to be 725 and 150 cy, respectively.

The contaminated material located around the Buried Pit and Well GW-38 is to be excavated using
available equipment and transported to the existing landfill to be consolidated under the final landfill
cap in the area designated on Drawing 4.5. During performance of the remedial action, soil samples
are to be obtained in accordance with the Field Sampling Plan to confirm that all contaminated soil
is excavated and consolidated under the final landfill cover.

Upon completion of the excavation activities, the remaining depressions are to be filled with backfill
which is to be transported from on-site borrow areas. The borrow areas are to be located outside of
the documented limits of waste with soil not visually impacted and free of chemical stains and odors.
After filling and grading of the depressions, a vegetative cover is to be established over these areas.

4.8.4 Wetlands Delineation

This section describes potential jurisdictional wetlands located at Skinner Landfill. The wetland
studies were conducted in conjunction with remedial investigation activities at the site.

A field identification and delineation was conducted to determine if any wetlands would be impacted
by remediation efforts planned at the site. Field work was conducted on October 2 and 5. 1995,
under the direction of a certified Professional Wetland Scientist from Rust. Where potential
wetlands were identified, the wetland-upland boundaries were delineated and mapped based on the
three mandatory criteria outlined in the 1987 U.S. Army Corps of Engineers (USAGE) Wetlands
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Delineation Manual. The acreage of the identified wetlands were calculated from surveyed locations
of the wetland boundary points.

Based on observations made in October, 1995, Rust identified five separate potential wetland areas
at Skinner Landfill that may be impacted by planned remediation activities. These areas total
approximately 0.68 acres (varying in size from 0.02 to 0.31 acres) and are primarily palusrrine
emergent and forested wetlands. The wetlands identified at the site are located primarily around the
perimeter of the landfill. Because of the small size, isolation and temporary nature of each of the
identified wetlands, the functions provided are severely limited.

The wetland delineation report (including figures and tables) is provided as Appendix 4-VII. Since
the total acreage to be impacted by site activities totals less than 1 acre, a letter of Notification of
Intent to discharge fill material into these wetlands was sent to the U.S. Army Corps of Engineers,
Louisville District. A copy of this letter is included as Appendix 4-X.
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Skinner La ndfill Remedial Design Volume Estimate

SUBBASE PREPARATION FILL VOLUMES

AREA A
Elevation Area (sq in.) Area (sq ft) Distance Sum Areas Avg. Area Volume (cy)

752

750

746

740

730

720

710

706

704

702

700

AREAC
Elevation

754

752

746

740

738

736

734

732

730

728

0.00

0.18

0.64

1.30

2.30

3.17

3.93

4.20

3.91

3.73

0.00

Area (sq in.)
0.00

0.27

0.60

1.14

1.28

1.03

0.63

0.34

0.18

0.00

0

450

1,600

3,250

5,750

7,925

9,825

10,500

9,775

9,325

0

Area (sq ft)
0

675

1,500

2,838

3,188

2,575

1,563

838

450

0

2

4

6

10

10

10

4

2

2

2

Distance

2

6

6

2

2

2

2

2

2

450

2,050

4,850

9,000

13,675

17,750

20,325

20,275

19,100

9,325

Sum Areas

675

2,175

4,338

6,025

5,763

4,138

2,400

1,288

450

225

1,025

2,425

4,500

6,838

8,875

10,163

10,138

9,550

4,663

Total

Avg. Area

338

1,088

2,169

3,013

2,881

2,069

1,200

644

225

Total

17

152

539

1,667

2,532

3,287

1,506

751

707

345

11,503

Volume (cy)

25

242

482

223

213

153

89

48

17

1,492
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AREAD
Elevation Area (sq in.) Area (sq ft) Distance Sum Areas Avg. Area Volume (cy)

756

754

750

746

740

736

734

732

730

AE
rtion
742

740

730

0.00

0.19

0.41

0.69

1.18

1.25

1.22

0.75

0.00

Area (sq in.)
0.00

0.68

2.54

0

475

1,013

1,725

2,938

3,125

3,062

1,875

0

Area (sq ft)
0

1,688

6,350

2

4

4

6

4

2

2

2

Distance

2

10

6

475

1,488

2,738

4,663

6,063

6,187

4,937

1,875

Sum Areas

1,688

8,038

16,175

238

744

1,369

2,331

3,031

3,094

2,469

938

Total

Avg. Area

844

4,019

8,088

18

110

203

518

449

229

183

69

1,779

Volume (cy

63

1,488

1,797
724 3.93 9,825

Total 3,348

AREAF
Elevation Area (sq in.) Area (sq ft) Distance Sum Areas Avg. Area Volume (cy)

724 2.08 5,188
4 7,038 3,519 521

720 0.74 1,850
2 1,850 925 69

718 0.00 0
Total 590

AREAG
Elevation Area (sq in.) Area (sq ft) Distance Sum Areas Avg. Area Volume (cy)

726

724

720

710

706

0.00

2.03

1

1

1

.85

.72

.06

5

4

4

2

0

,063

,613

,288

,638

2

4

10

4

5,063

9,675

8

6

,900

,925

2

4

4

3

Total

,531

,838

,450

,463

188

111

1,648

513

3,065
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JL ___
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AH
ition
767

766

764

762

760

758

756

AI
ition
758

756

754

752

750

748

Area (sq in.)
0.00

3.24

11.19

17.41

10.33

8.71

0.00

Area (sq in.)
0.00

1.71

1.92

2.95

1.93

0.00

Area (sq ft) Distance
0

1
8,088

2
27,975

2
43,525

2
25,825

2
21,763

2
0

Area (sq ft) Distance
0

2
4,275

2
4,800

2
7,375

2
4,825

2
0

Sum Areas

8,088

36,063

71,500

69,350

47,588

21,763

Sum Areas

4,275

9,075

12,175

12,200

4,825

Avg. Area

4,044

18,031

35,750

34,675

23,794

10,881

Total

Avg. Area

2,138

4,538

6,088

6,100

2,413

Total

Volume (cy

105

1,336

2,648

2,569

1,763

806

9,226

Volume (cy

119

336

451

452

179

1,536
AREAJ
Elevation Area (sq in.) Area (sq ft) Distance Sum Areas Avg. Area Volume (cy)

760 0.00 0
10 1,050 525 194

750 0.42 1,050
2 2,525 1,263 94

748 0.59 1,475
2 1,475 738 55

746 0.00 0
Total 343

AREAL
Elevation Area (sq in.) Area (sq ft) Distance Sum Areas Avg. Area Volume (cy)

756 0.00 0
2 1,875 938 69

754 0.75 1,875
2 1,875 938 69

752 0.00 0
Total 139
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AREAM
Elevation Area (sq in.) Area (sq ft) Distance Sum Areas Avg. Area Volume (cy)

768

766

764

762

760

758

756

754

752

AREAN
Elevation Area

752

750

748

746

744

740

0.00

0.39

0.55

0.33

0.36

1.13

1.12

0.95

0.00

(sq in.)
0.00

0.20

0.37

0.35

0.45

0.00

Intermediate Cover over

0
2

975
2

1,375
2

825
2

900
2

2,825
2

2,800
2

2,363
2

0

Area (sq ft) Distance
0

2
500

2
925

2
875

2
1,125

4
0

Southeast Corner

975

2,350

2,200

1,725

3,725

5,625

5,163

2,363

Sum Areas

500

1,425

1,800

2,000

1,125

17,500 sf @

TOTAL

488

1,175

1,100

863

1,862

2,813

2,581

1,181

Total

Avg. Area

250

713

900

1,000

563

Total

1 ft deep

FILL

36

87

81

64

138

208

191

88

894

Volume (cy)

19

53

67

74

83

295

650

34,859

File name: n:\users\engineer\skinner\fillvol.\vbl
Revision date: February 29,1996
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SUBBASE PREPARATION CUT VOLUMES

SOUTHEAST CORNER
Elevation

760

754

750

746

744

740

730

720

710

702

AREAB
Elevation

760

756

754

750

744

740

AREAO
Elevation

750

748

746

744

740

Area (sq in.)
0.00

0.30

0.70

0.90

1.50

2.40

1.80

0.80

0.20

0.00

Area (sq in.)
0.00

0.24

0.34

0.39

0.21

0.00

Area (sq in.)
0.00

0.25

0.34

0.13

0.00

Area (sq ft)
0

750

1.750

2,250

3,750

6,000

4,500

2,000

500

0

Area (sq ft)
0

600

850

975

525

0

Area (sq ft)
0

625

850

325

0

Distance

6

4

4

2

4

10

10

10

8

Distance

4

2

4

6

4

Distance

2

2

2

4

Sum Areas

750

2,500

4,000

6,000

9,750

10,500

6,500

2,500

500

Sum Areas

600

1,450

1,825

1,500

525

Sum Areas

625

1,475

1,175

325

Avg. Area

375

1,250

2,000

3,000

4,875

5,250

3,250

1,250

250

Total

Avg. Area

300

725

913

750

263

Total

Avg. Area

313

738

588

163

Total

Volume (cy)

83

185

296

222

722

1,944

1,204

463

74

5,194

Volume (cy)

44
•

54

135

167

39

439

Volume (cy)

23

55

44

24

145

7
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AREAK
Elevation Area (sq in.) Area (sq ft) Distance Sum Areas Avg. Area Volume (cy)

752 0.00 0
8 1,375 688 204

750 0.55 1,375
2 1,375 688 51

748 0.00 0
Total 255

Total Cut 6,033
File name: n:\users\engineer\skinner\cutvol.\vbl
Revision date: February 29,1996
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1.0 INTRODUCTION

The Skinner Landfill PRP Group (PRP's) requests the U.S. EPA approve an alternative cover
design for the landfill final cover. The request is based upon an analysis which shows the
alternative will provide equivalent and in some respects superior performance at this site.

The purpose of this Technical Memorandum is to evaluate two landfill cover systems to verify they
are technically equivalent. The currently approved cover design includes a barrier layer system that
consists of a geomembrane, a Geosynthetic Clay Layer (GCL), and a compacted layer of natural,
low-permeability soil. An alternative barrier layer has been proposed which consists of an upgraded
geomembrane and GCL. The analysis that follows will show that the alternative barrier layer
provides the following:

• equivalent hydraulic conductivity,
• superior long-term performance against differential settlement,
• superior cover stability,
• superior construction conditions, schedule, and straightforward control,
• less community impact due to fewer vehicles entering and exiting the site, and
• precedence, based on other sites which have replaced the compacted soil barrier with the

GCL material.

Additionally, elimination of the soil barrier layer essentially eliminates the need for frost protection.
The vegetative soil layer then serves primarily to provide a root zone for the vegetative cover. The
critical issue is whether substitution of an alternative material such as a GCL for the compacted soil
barrier will meet or exceed the performance objectives of the compacted soil barrier. If the GCL
meets or exceeds the performance objectives, then equivalency has been established.

2.0 BACKGROUND

The Record of Decision (ROD) for the Skinner Landfill closure required the cover system to include
primary and secondary barrier layers. The primary barrier layer was specified as a 30-mil
geomembrane, installed over a secondary barrier layer which consisted of a 24-inch-thick layer of
compacted clay having a maximum permeability of IxlO"7 cm/s. During the design of the remedy,
the PRP's proposed and U.S. EPA and OEPA approved an upgraded cover design which included
modifications to these barrier layers. The modified barrier layer consisted of a 40-mil geomembrane
(primary barrier) over a mixed secondary barrier layer, which is composed of a geosynthetic clay
layer (GCL) having a maximum permeability of 3x10"9 cm/s, and an 18-inch-thick layer of
compacted soil having a maximum permeability of 1x10"7 cm/s.

Further investigation by the PRP's during the design indicated that an additional, or alternative cover
design was available that had the potential to significantly improve the constructability of the landfill
cover without affecting the overall performance. This alternative design eliminated the 18-inch-thick
compacted soil layer through the use of an upgraded primary barrier and GCL. The alternative cover
was presented to U.S. EPA and OEPA at the 60% Design Meeting, held at U.S. EPA Region V
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offices in Chicago, Illinois on January 31, 1996. At that meeting, U.S. EPA directed the PRP's to
submit the Prefmal (95%) Design Report based on the upgraded landfill cover profile previously
approved by U.S. EPA and OEPA. The agencies further directed the PRP's to submit the alternative
cover as an addendum to the Prefmal design in the form of a Technical Memorandum.

The stated purpose of the technical memorandum is to present data and an analysis of the alternative
cover to determine whether it is technically equivalent to the approved, upgraded cover. At the
January 31 meeting, the U.S. Army Corps of Engineers (USAGE) indicated that the demonstration
of technical equivalency should be based primarily on a comparison of water balance analyses using
the Hydrologic Evaluation of Landfill Performance Model (HELP Model) for both designs.

3.0 HYDROLOGIC EQUIVALENCY ANALYSIS

The HELP Model Version 3.01, (14 October 1994) was used to evaluate the equivalency of the two
cover profiles with respect to permeability. The base line profile (Profile 1) is the approved profile
as presented in the 95% Remedial Design report. That profile consists, from top down, of the
following:

1. vegetative cover
2. 30-inch-thick vegetative support cover soil layer
3. geocomposite drainage layer (HOPE geonet with geotextile on both sides)
4. 40-mil textured FML polyethylene geomembrane primary barrier layer
5. geosynthetic clay secondary barrier layer (GCL) with a maximum permeability of 3 x 10"9

cm/s
6. 18-inch-thick compacted cohesive soil secondary barrier layer with a maximum permeability

of 1 x 10-7cm/s
7. geocomposite gas vent layer (HDPE geonet with geotextile on both sides)

The alternative cover profile (Profile 2) consists, from top down, of the following:

1. vegetative cover
2. 24-inch-thick vegetative support cover soil layer
3. geocomposite drainage layer (HDPE geonet with geotextile on both sides)
4. 60-mil textured FML polyethylene geomembrane primary barrier layer
5. geosynthetic clay secondary barrier layer (GCL) with maximum permeability of 3 x 10"9

cm/s
6. geocomposite gas vent layer (HDPE geonet with geotextile on both sides)

The two profiles are illustrated on the following page.
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Profile Presented in 95% Design
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Preferred Profile

Profile 1 Profile 2

Simulations were run using Profile 1 to establish a baseline performance of the approved cover
profile. Default climatic conditions for the Cincinnati, Ohio area and default soil characteristics
were chosen for the simulations. Because a geomembrane has essentially "zero" permeability,
USAGE has indicated that assumptions must be made concerning the number and type of defects
which would result in passage of water. For this analysis, the liner condition was set at one (1)
pinhole per acre for manufacturer defects and three (3) pinholes per acre for installation defects.
These values were suggested in the instructions provided with the Model. It should be noted that
this number of defects was used for both cover designs, even though the alternative design utilizes
a thicker (60-mil vs 40-mil) geomembrane and would likely be less susceptible to damage.

The results of the modeling are as follows:

Profile 1
Approved Cover

Profile 2
Alternative Cover

Annual Precipitation
Runoff
Evaporation
Discharge from

Drainage Layer
Percolation through

Barrier Layer

Inches
40.64
5.714
27.0

7.879

5.76E-6

CF per Year*
1,549,070

217,807
1,029,100

300,273

0.220

Inches
40.64
5.714
27.0

7.875

3.50E-6

CF per Year*
1,549,070

217,807
1,029,100

300,137

0.133

* Cubic feet per year values are based on a 10.5-acre landfill cap area.
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As can be seen, the volume of water that will pass through the barrier layer is essentially zero for
both cover profiles. Another simulation was run with conservative assumptions that include
increasing the number of pinholes to twenty (20) per acre. This run showed the percolation value
calculated to be less than one (1) cubic foot per year.

Both profiles result in very similar performance and may be considered to be equivalent.

4.0 SUBSIDENCE IMPACTS

The waste contains some materials that will decompose over time, such as wood and landscape
debris. As such, there could be some differential waste settlement, and the overlying waste and
landfill cover could potentially settle into the void left by the decomposing waste mass. The landfill
cover must respond to this settlement and have the ability to adjust to fit the underlying subbase
condition. Appendix 4 contains published articles in which the authors reference laboratory studies
performed to determine differential settlement impacts. These studies determined that GCLs can
adjust to voids and remain intact under most expected settlement conditions.

In the studies referenced, extreme differential settlement and the resulting distortion of the GCLs did
not produce large increases in hydraulic conductivity for most of the GCLs tested. One study
learned that many GCLs can withstand large distortion and tensile strain (up to 10 to 15%) without
undergoing significant increases in hydraulic conductivity. In comparison, laboratory studies on
compacted clay materials show a tensile strain limit of approximately 0.85% before failure due to
cracking occurs. The ability of the GCL to withstand higher tensile strain is probably due to the
reinforcing and confining effects of the geotextile layers. GCLs are considered superior to
compacted clay in terms of resistance to damage from differential settlement.

Should differential settlement occur, the alternative cover is likely to be more amenable to
maintenance under long-term conditions. The basis for this evaluation is, because the GCL barrier
layer appears to be more flexible under settlement, excavation and repair is typically limited to the
overlying vegetative soil layer only. However, settlement of the compacted soil barrier layer may
require excavation and repair of the both the vegetative soil and barrier layer.

5.0 COVER STABILITY ANALYSIS

The cover stability was analyzed for the planned 3H:1 V slopes of the Skinner Landfill facility. The
analysis is identical to the analysis performed for Profile 1 as presented in the 95% design report.
Both analyses evaluated the soil and geosynthetic layer interfaces and the tensile strength of the
materials. Both Profile 1 and Profile 2 were found to be stable. The analysis found that the
alternative cover (Profile 2) has a higher factor of safety. The reason for difference is that the 18-
inch-thick soil barrier layer has a lower safety factor within the layer itself. The overlying soil
weight and low resistance to tensile strain in the soil layer shows that failure would occur first in the
soil layer and not at the interface with the geosynthetic materials. Therefore, the alternative cover
profile is preferable to the approved profile. Appendix 2 provides the calculations documenting the
analysis and results.
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6.0 OTHER SITES USING GEOSYNTHETIC CLAY LAYERS

The use of geosynthetic materials in landfill construction has become a commonly accepted practice.
As the technology improves, more sites have incorporated geosynthetics into the design and
construction. Appendix 3 provides documentation from several GCL manufacturers identifying
where GCLs have been used for landfill barrier layers. Additional sites where the PRP's are aware
geosynthetic materials have been utilized are also listed. Installations that have been identified in
Ohio include:

• Adams County Landfill, Adams County
• Low Water Systems, Coshocton
• Danis Corporation, Treemont
• Hodapp Landfill, Hamilton
• Schilling Road Landfill, Ironton
• Southdown Landfill, Fairborn
• Southwestern Portland Cement, Fairborn

Other sites that have a similar cap profile to the alternative cover are of particular interest. These
include:

• Longview Hazardous Waste Site, Washington
• St. John's Landfill, Oregon
• Dakhue Landfill, Minnesota
• Rockingham Landfill, Vermont
• Motco Superfund Site, Texas

These data support the contention that use of geosynthetic materials is a proven technology and has
been demonstrated to be equivalent to native soil barrier layers.

7.0 ADVANTAGES OF USING GEOSYNTHETIC CLAY LAYER

7.1 Construction Quality

The GCL material will improve the construction quality. The material is a manufactured product
that undergoes thorough quality control steps during the manufacturing process. These steps include
both raw material product control testing and production control and quality assurance. The GCL
is then sampled, tested and certified by the manufacturer before it leaves the production facility.
When the GCL is received at the project site, the quality control (QC) consultant samples several
rolls for testing to confirm it satisfies the project specifications. The QC consultant also monitors
the installation to ensure placement is as specified. Because the GCL has been pretested, delays in
installation are typically limited. The GCL material also improves the installation quality of
succeeding layers, as there is a uniform base for placement of the geomembrane with no potential
for damaging natural materials (rocks, etc.).
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7.2 Faster Construction Process

Using a GCL typically allows an accelerated construction schedule. All of the GCL needed for the
project can be stored at the site, ready for installation. Installation can be completed in a matter of
days for a 10-acre area (estimate of about two weeks). Construction quality assurance includes visual
observations of the deployment, anchoring, and seaming.

Conversely, to install an equivalent area of an 18-inch-thick compacted soil layer could take one to
two months for an equivalent area. Soil barrier layer placement and scheduling at the Skinner site
is affected by the following:

• There is insufficient room to store the required 25,000 cubic yards of low-permeable soil on-
site, so it must be transported to the site as it is placed.

• Placing compacted soil is very labor intensive. The soil must be spread and compacted in
shallow lifts (6 to 8 inches in depth) to satisfy quality control requirements.

• The soil clay must be placed at an optimum moisture condition. This typically requires
further preparation before compaction.

• After a lift is placed, it requires protection to prevent deterioration of the soil (drying out,
desiccation cracking, or getting saturated/soft) below minimum criteria before the next lift
is placed.

7.3 Freeze-Thaw Behavior

Laboratory and field studies have shown the hydraulic conductivity of a compacted soil layer
increases as a result of freeze and thaw cycling. Laboratory studies (Appendix 4) show that GCLs
do not undergo significant increases in hydraulic conductivity because of freeze and thaw. As a
result, the protective cover depth does not have to be as thick to address frost protection. A 24-inch
thickness is proposed in the alternative cover design, which also reduces the amount of cover soil
required versus the cover described in Profile 1.

7.4 Less Community Impact

The Skinner site does not have on-site the type of soil required for construction of the approved
secondary barrier layer. Therefore, an off-site source must be utilized. The 10.5-acre landfill cover
will require approximately 25,000 cubic yards of soil to construct an 18-inch-thick barrier layer.
The 25,000 cubic yards could require as many as 1,500 truck loads to enter and leave the site. This
will have a significant impact on the community given the limited vehicular transportation routes
into the site. Physical impact on the roads of the area is also of concern, given this volume of truck
traffic, as well as the proximity of an elementary school. In contrast, it is estimated that 250 rolls
of GCL are required to cover the landfill. This equates to approximately jO truckloads. or a
reduction of 98% in number of truck loads.

ber/gp/sge72680.mem 6 March 1, 1996



8.0 SUMMARY AND CONCLUSIONS

Geosynthetic clay layers are frequently used in landfill liner and capping situations. A dominant
factor is their hydraulic equivalency and the advantages in construction schedule, material
consistency, material quality, installation quality, and availability of material. The use of this
alternative cap (Profile 2) for the Skinner Landfill Remedial Action is preferred for the following
reasons:

• Profile 2 is hydraulically equivalent to Profile 1
• Profile 2 provides superior long-term performance against differential settlement
• Profile 2 provides an increased factor of safety for cover stability
• Profile 2 provides superior constructability, quality assurance, schedule compression, and

seasonal change resistance
• Profile 2 provides less community impact due to vehicles entering and exiting the site
• There is precedence since other sites have used a GCL in lieu of a compacted soil layer.

Included in Appendix 4 are several published articles and analyses on geosynthetic clay layer
equivalency.

The Skinner Landfill PRP Group requests that the U.S. EPA approve the alternative cover
profile for the landfill based on demonstration of the equivalency of the geosynthetic materials,
site constraints, improved geosynthetic material technology, and the acceptability of using
geosynthetic material barrier layers at other waste disposal and containment sites.
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SKINNER LANDFILL
WEST CHESTER, BUTLER COUNTY, OHIO
GEOSYNTHETIC FINAL COVER SYSTEM

TECHNICAL MEMORANDUM

APPENDIX 1

HELP MODEL ANALYSIS



Result of HELP Model Equivalency Analysis for All Geosynthetic Cap

Average Annual Totals
Precipitation
Runoff
Evaportransporation
Collected in Drainage Layer
Percolates Through Barrier Layer

Profile 1
Good Vegetation
30 inches vegetative cover soil
geocomposite drain layer
40 mil VLDPE geomembrane

Pinholes: 1 hole/acre
Installation defects: 3 holes/acre

geosynthetic clay layer
18 inches le-7 clay layer
geocomposite gas vent layer

In. per Yr.

40.64
5.714
27.000
7.879

0.00001

CF per Yr.

1,549,070
217,807

1,029,100
300,273
0.220

Percent

100.0%
14.1%
66.4%
19.4%

0.00001%

Profile 2
Good Vegetation
24 inches vegetative cover soil
geocomposite drain layer
60 mil VLDPE geomembrane
Pinholes: 1 hole/acre
Installation defects: 3 holes/acre

geosynthetic clay layer
geocomposite gas vent layer

In. per Yr.

40.64
5.714

27.000
7.875
0.000

CF per Yr.

1,549,070
217,807

1,029,100
3,000,137

0.133

Percent

100.0%
14.1%
66.4%
19.4%

0.00001%

Equivalent Values for two barrier layers used in Profile 1
Layer 1 = GCL
Layer 2 = 18 in. compacted clay

Values
Thickness (cm)
Porosity
Field Capacity
Wilting Point
Initial Soil Water Content
Saturated Hydraulic Conductivitiy

Layer 1
0.6

0.7500
0.7470
0.4000
0.7500
3E-09

Layer 2
45.72

0.4270
0.4180
0.3670
0.4180
IE-07

T1/X1

0.800
0.803
1.500
0.800

2.00E+08

T2/X2

107.073
109.378
124.578
109.378

4.57E-H)8

Sum

107.873
110.181

' 126.078
110.178

6.57E+08

T1+T2
46.32

Te/((Tl/Xl)+(T2/X2))
18.25 inches

0.4294
0.4204
0.3674
0.4204

7.05E-08



**

**
**
**
**
**
**

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.01 (14 OCTOBER 1994)

DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

**
**
**
**
**
**
**
**
**

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
IL AND DESIGN DATA FILE:

DATA FILE:

c:\SKNR-P.D4
c:\SKNR-T.D7
c:\SKNR-S.D13
c:\SKNR-E.Dll
c:\EQUIVl.D10
c:\EQUIV1.0UT

TIME: 16:49 DATE: 2/13/1996

TITLE: Skinner Landfill Help Model Analysis - Fro-£U«.

i *****

:*****

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 12

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND. = 0.419999997000E-04 CM/SEC

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

30.00 INCHES
0.4710 VOL/VOL
0.3420 VOL/VOL
0.2100 VOL/VOL
0.3697 VOL/VOL
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LAYER

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

0.25 INCHES
0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL
0.0114 VOL/VOL

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE
DRAINAGE LENGTH

10.0000000000 CM/SEC
5.00 PERCENT

300.0 FEET

LAYER

TYPE 4 - FLEXIBLE MEMBRANE
MATERIAL TEXTURE NUMBER

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND. = 0,
FML PINHOLE DENSITY
FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY = 3

LINER
36

0. 04 INCHES
0.0000 VOL/VOL
0000 VOL/VOL
0000 VOL/VOL

0.0000 VOL/VOL
399999993000E-12 CM/SEC
1.00 HOLES/ACRE
3.00 HOLES/ACRE

- GOOD

0,
0,

LAYER 4

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 0

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

18.25 INCHES
0.4292 VOL/VOL
0.4204 VOL/VOL
0.3674 VOL/VOL
0.4292 VOL/VOL

0.705000005000E-07 CM/SEC

LAYER 5

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS = 0.25 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL



INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND.

0.0050 VOL/VOL
10.0000000000 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #12 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 5.%
AND A SLOPE LENGTH OF 300. FEET.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

88.00
100.0
10.500
21.0
7.760
9.891
4.410
0.000
18.927
18.927
0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
CINCINNATI OHIO

MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
AVERAGE ANNUAL WIND SPEED
AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

= 4.20
104
295

= 9.10 MPH
= 70.00 %
= 67.00 %
= 73.00 %
= 72.00 %

NOTE: PRECIPITATION DATA FOR CINCINNATI
WAS ENTERED FROM THE DEFAULT DATA FILE.

OHIO

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CINCINNATI OHIO

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

29.20 31.60 42.00 53.00 64.00 73.00



76.00 75.00 68.00 57.00 45.00 35.00

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CINCINNATI OHIO

STATION LATITUDE = 39.10 DEGREES

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1974 THROUGH 1978

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

TOTALS

STD . DEVIATIONS

RUNOFF

v TOTALS

STD . DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

3.
3.

0.
2.

0.
0.

0.
0.

0.
3.

0.
0.

LATERAL DRAINAGE COLLECTED

TOTALS

STD. DEVIATIONS

PERCOLATION/LEAKAGE

TOTALS

STD. DEVIATIONS

0.
0.

0.
0.

THROUGH

0.
0.

0.
0.

33
54

56
04

000
262

000
349

931
569

018
065

1.
4.

1.
1.

0.
0.

0.
0.

0.
3.

0.
0.

59
80

34
04

000
476

000
266

845
195

080
162

3.
2.

1.
2.

3.
0.

1.
0.

2.
2.

0.
0.

86
89

71
17

537
225

765
373

015
375

044
597

3.
3.

0.
1.

0.
0.

0.
0.

2.
2.

0.
0.

11
33

63
37

155
245

148
284

737
327

129
227

3.
2.

1.
1.

0.
0.

0.
0.

2.
1.

0.
0.

36
69

78
35

101
037

121
068

787
583

729
066

-vi
4.79
3.36

1.24
1.99

0.379
0.298

0.378
0.450

3.409
1.225

0.671
0.056

FROM LAYER 2

8043
5579

5947
3999

LAYER

0000
0000

0000
0000

0.
0.

0.
0.

4

0.
0.

0.
0.

0000
8848

0000
9243

0000
0000

0000
0000

0.
0.

0.
1.

0.
0.

0.
0.

6310
8767

8844
2249

0000
0000

0000
0000

0.
0.

0.
0.

0.
0.

0.
0.

9860
4672

7558
2821

0000
0000

0000
0000

0.
0.

0.
0.

0.
0.

0.
0.

5253
2060

2834
2630

0000
0000

0000
0000

0.5491
1.3898

0.4129
1.0348

0.0000
0.0000

0.0000
0.0000



?r^( I**%\
PERCOLATION /LEAKAGE THROUGH LAYER 5

TOTALS 0
0

STD. DEVIATIONS 0
0

.0000

.0000

.0000

.0000

AVERAGES OF MONTHLY

DAILY AVERAGE HEAD ACROSS

AVERAGES 0
0

STD. DEVIATIONS 0
0

LAYER

.0027

.0019

.0020

.0014

0.
0.

0.
0.

0000
0000

0000
0000

AVERAGED

4

0.
0.

0.
0.

0000
0030

0000
0032

0.
0.

0.
0.

0000
0000

0000
0000

0.
0.

0.
0.

DAILY HEADS

0.
0.

0.
0.

0022
0031

0030
0043

0.
0.

0.
0.

0000
0000

0000
0000

0.
0.

0.
0.

0000
0000

0000
0000

0.
0.

0.
0.

0000
0000

0000
0000

(INCHES)

0035
0016

0027
0010

0.
0.

0.
0.

0018
0007 '

0010
0009

0.
0.

0.
0.

0019
0048

0015
0035

r************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1974 THROUGH 1978

•'"' INCHES

PRECIPITATION

RUNOFF

•WAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED

40.

5.

27.

7.

64 (

714 (

000 (

87809 (

6.929)

1.8483)

1.4898)

3.06439)

CU. FEET

1549070

217807

1029100

300273

.0

.28

.81

.219

PERCENT

100

14

66

19.

.00

.061

.433

38410

PERCOLATION/LEAKAGE THROUGH
FROM LAYER 4

AVERAGE HEAD ACROSS TOP
OF LAYER 4

PERCOLATION/LEAKAGE THROUGH
FROM LAYER 5

CHANGE IN WATER STORAGE

0.0.0.0.01. ( 0.00000)

0.002 ( 0.001)

0.00001 ( 0.00000)

0.050 ( 2.4000)

0.220

0.220

1888.23

0.00001

0.00001

0. 122

r**************



"T

PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978

(INCHES) (CU. FT.)

PRECIPITATION 2.40 91476.000

RUNOFF 4.472 170467.6090

DRAINAGE COLLECTED FROM LAYER 2 0.46690 17795.98440

PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000000 0.00471

AVERAGE HEAD ACROSS LAYER 4 0.050

PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000000 0.00471

SNOW WATER 5.61 213742.9220

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4321

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.2114

r*****

FINAL WATER STORAGE AT END OF YEAR 1978

LAYER

1

2

3

4

5

SNOW WATER

(INCHES)

11.3352

0.0050

0.0000

7.8329

0.0012

0.000

(VOL/VOL)

0.3778

0.0202

0.0000

0.4292

0.0050



**

**
**
**
**
**
**

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.01 (14 OCTOBER 1994)

DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

**
**
**
**
**
**
**
**
**

***********:

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:

[L AND DESIGN DATA FILE:
OxJTPUT DATA FILE:

c:\SKNR-P.D4
c:\SKNR-T.D7
c:\SKNR-S.D13
c:\SKNR-E.Dll
c:\EQUIV2.D10
c:\EQUIV2.0UT

TIME: 17:47 DATE: 2/13/1996

X ~* *********:

TITLE: Skinner Landfill Help Model Analysis - T">v-e>Jr'i\<

r*********

:*****

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 12

THICKNESS = 24.00 INCHES
POROSITY = 0.4710 VOL/VOL
FIELD CAPACITY = 0.3420 VOL/VOL
WILTING POINT = 0.2100 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3691 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.419999997000E-04 CM/SEC

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.
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LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

0.25 INCHES
0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL
0.0104 VOL/VOL

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND.
SLOPE
DRAINAGE LENGTH

10.0000000000 CM/SEC
5.00 PERCENT

300.0 FEET

LAYER

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 36

0.06 INCHES
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL

399999993000E-12 CM/SEC
1.00 HOLES/ACRE
3.00 HOLES/ACRE

- GOOD

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND. = 0
FML PINHOLE DENSITY
FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY = 3

LAYER 4

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

0.25THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT =

INCHES
0.7500 VOL/VOL
0.7470 VOL/VOL
0.4000 VOL/VOL
0.7500 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC

LAYER

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS = 0.25 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL



INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND.

0.0050 VOL/VOL
10.0000000000 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #12 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 5.%
AND A SLOPE LENGTH OF 300. FEET.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

88.00
100.0
10.500
21.0
7.760
9.891
4.410
0.000
9.050
9.050
0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
CINCINNATI OHIO

MAXIMUM LEAF AREA INDEX = 4.20
START OF GROWING SEASON (JULIAN DATE) = 104
END OF GROWING SEASON (JULIAN DATE) = 295
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 70.00 %
.AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 67.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 73.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 72.00 %

NOTE: PRECIPITATION DATA FOR CINCINNATI
WAS ENTERED FROM THE DEFAULT DATA FILE.

OHIO

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CINCINNATI OHIO

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

29.20 31.60 42.00 53.00 64.00 73.00



76.00 75.00 68.00 57.00 45.00

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CINCINNATI OHIO

STATION LATITUDE = 39.10 DEGREES

:******

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1974 THROUGH 1978

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF
• \-~ ,'.\

TOTALS

STD . DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

JAN/JUL

3.33
3.54

0.56
2.04

0.000
0.262

0.000
0.349

0.931
3.569

0.018
0.065

LATERAL DRAINAGE COLLECTED FROM

TOTALS

STD. DEVIATIONS

PERCOLATION /LEAKAGE

TOTALS

STD. DEVIATIONS

0.6335
0.6015

0.5508
0.5005

FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

1.59
4.80

1.34
1.04

0.000
0.476

0.000
0.266

0.845
3.195

0.080
0.162

LAYER 2

0.0000
0.8476

0.0000
0.8685

3.86
2.89

1.71
2.17

3.537
0.225

1.765
0.373

2.015
2.375

0.044
0.597

0.8389
0.8882

1.0693
1.2878

3.11
3.33

0.63
1.37

0.155
0.245

0.148
0.284

2.737
2.327

0.129
0.227

0.9069
0.4683

0.7049
0.3130

3.36
2.69

1.78
1.35

0.101
0.037

0.121
0.068

2.787
1.583

0.729
0.066

0.4844
0.1410

0.2928
0.2000

^
4.79
3.36

1.24
1.99

0.379
0.298

0.378
0.450

>•
3 .409
1.225

0.671
0.056

0.5346
1.5296

0.4198
1.0965

THROUGH LAYER 4

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000



PERCOLATION/ LEAKAGE THROUGH LAYER 5

TOTALS

STD. DEVIATIONS

AVERAGES OF

DAILY AVERAGE HEAD ACROSS

AVERAGES

STD. DEVIATIONS

0.0000
0.0000

0.0000
0.0000

MONTHLY

LAYER

0.0021
0.0021

0.0018
0.0017

0.0000
0.0000

0.0000
0.0000

AVERAGED

4

0.0000
0.0029

0.0000
0.0030

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

DAILY HEADS (INCHES)

0.0029
0.0031

0.0037
0.0046

0.0032
0.0016

0.0025
0.0011

0.0017
0.0005

0.0010
0.0007

0.0019
0. 0052

0.0015
0.0038

:******

:******

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1974 THROUGH 1978

INCHES CU. FEET PERCENT

PRECIPITATION

RUNOFF

'VAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 2

PERCOLATION/LEAKAGE THROUGH
FROM LAYER 4

AVERAGE HEAD ACROSS TOP
OF LAYER 4

PERCOLATION/LEAKAGE THROUGH
FROM LAYER 5

CHANGE IN WATER STORAGE

40.64

5.714

27.000

( 6.929)

( 1.8483)

( 1.4898)

7.87452 ( 3.07200)

0.00000 ( 0.00000)

0.002 ( 0.001)

0.00000 ( 0.00000)

0.053 ( 2.2867)

1549070.0

217807.28

1029100.81

300137.500

0. 133

0. 133

2024.15

100.00

14.061

66.433

19.37533

0.00001

0.00001

0.131

:**********



l<«t

PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978

(INCHES) (CU. FT.)

PRECIPITATION 2.40 91476.000

RUNOFF 4.472 170467.6090

DRAINAGE COLLECTED FROM LAYER 2 0.63096 24048.86130

PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000000 0.00119

AVERAGE HEAD ACROSS LAYER 4 0.067

PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000000 0.00119

SNOW WATER 5.61 213742.9220

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4321

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.2114

FINAL WATER STORAGE AT END OF YEAR 1978

LAYER

1

2

3

4

5

SNOW WATER

(INCHES)

9.1221

0.0042

0.0000

0.1875

0.0012

0.000

(VOL/VOL)

0.

0.

0.

0.

0.

3801

0170

0000

7500

0050



SKINNER LANDFILL
WEST CHESTER, BUTLER COUNTY, OHIO
GEOSYNTHETIC FINAL COVER SYSTEM

TECHNICAL MEMORANDUM

APPENDIX 2

COVER STABILITY ANALYSIS
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DURA SEAL® LL GEOMEMBRANE
SPECIFICATIONS

60 mil (1.5 mm)

National Seal Company's DURA SEAL LL geomembranes are produced from virgin, first quality, high molecular
weight resins and are manufactured specifically for containment in hydraulic structures. DURA SEAL LL
geomembranes have been formulated to be resistant to chemicals, ultraviolet degradation, as well as leaching
additives.

Refer to NSC's Manufacturing Quality Control Manual to determine test methods and frequencies used as a part of
NSC's quality control program.

RESIN PROPERTIES

Melt Flow Index2

Resin Density2

METHOD

ASTM D 1238
ASTMD1505

UNITS

g/10 min
g/cm3

MINIMUM1

1.0
0.92

TYPICAL

0.80
0.917

SHEET PROPERTIES

Thickness
Average
Individual (IS'&SO.S1)
Individual (231)

Density2

Carbon Black Content
Carbon Black Dispersion
Tensile Properties

100% Secant Modulus

Stress at Break

Strain at Break

Dimensional Stability2

Tear Resistance

Puncture Resistance

METHOD

ASTM D 5199

ASTMD 1505
ASTM D 4218
ASTM D 5596
ASTM D 638

2.0" gage or extensometer
2.5" gage length (NSF)

ASTM D1204, NSF mod.
ASTMD 1004

ASTM D 4833

UNITS

mils
mils
mils

g/cm3

percent
rating

psi
PPi
psi
PPi

percent
percent
percent

ppi
Ibs
ppi
Ibs

MINIMUM1

60.0
57.0
54.0
0.935
2.0

A1.A2, B1

1500
90

3800
228
850
680
3.0
630
38

1950
117

TYPICAL

61.5
59.7
59.5

0.928
2.3
A1

1570
97

5380
331

1115
890
1.0
749
46

2145
132

This value represents the minimum acceptable test value for a roll as tested according to NSC's Manufacturing Quality Control Manual. Individual
test specimen values are not addressed in this specification except thickness.

Indicates Maximum Average Roll Value



DURA SEAL® LL GEOMEMBRANE
PHYSICAL PROPERTIES

60 mil (1.5 mm)

f 3 7

SHEET PROPERTIES

Puncture Resistance

METHOD

FTMS101C, Method 2065

UNITS

ppi
Ibs

MINIMUM1

1400
84 .

TYPICAL

1465
90

SEAM PROPERTIES

Shear Strength

Peel Strength
(hot wedge fusion)

Peel Strength
(fillet extrusion)

METHOD

ASTM D 4437, NSF mod.

ASTM D 4437, NSF mod.

ASTM D 4437, NSF mod.

UNITS

Seam testing is the respsonsibility of the installer and/or CQA personnel.

STANDARD ROLL WIDTHS

15 FT.-23 FT.-30.5 FT.

MINIMUM1 TYPICAL

psi
Ppi
psi
ppi
psi
PPi

1500
90

1325
80

1135
68

1700
105
1570
97
1450
89

The information contained herein has been compiled by National Seal Company and is, to the best of our knowledge, true and accurate. All
suggestions and recommendations are offered without guarantee. Final determination of suitability for use basf* no any information provided, is the
sole responsibility of the user. There is no implied or expressed warranty of merchantability of fitness of the product for the contemplated use. NSC
reserves the right to update the information contained herein in accordance with technological advances in the material properties.

6LL-0895
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TEX-NET® SPECIFICATIONS

GEOCOMPOSITE PROPERTIES

PROPERTY

Thickness

Transmissivity1

(1 5,000 psf)
Ply Adhesion

Tensile Strength (MD)

TEST

ASTM D 51 99

ASTM D 4716

ASTMD413
or F 904

ASTM D 4632

UNITS

inch

m2/sec

Ib/in

Ibs

MINIMUM2

TN 3002/1 120
0.275

5x10'5

2.0

535

TN3002/1125
0.305

3x1Q-5

2.0

580

COMPONENT PROPERTIES3

GEONET
Polymer Density
Polymer Melt Index (Max)
Carbon Black Content
Thickness
Mass Per Unit Area
Transmissivity1

Tensile Strength

GEOTEXT1LE

Fabric Weight

Thickness

Grab Strength

Water Flow Rate
»

AOS

TEST
ASTM D 1505
ASTM D 1238
ASTM D 421 8
ASTM D 51 99
ASTM D 5261
ASTM D 471 6

ASTM D 5035

TEST

ASTM D 5261

ASTM D 51 99

ASTM D 4632

ASTM D 4491

ASTM D 4751

UNITS
g/cmj

g/10 min
%

inches
Ibs/tt̂
nV/sec

Ibs/in

UNITS

oz/yd2

mils

Ibs

gpm/ft2

Sieve Size

mm

PN 3000
0.94
0.5
2.0

0.200
10.162
1x10-

@ 15.000 psf
45 .

MINIMUM2

1120

5.7

75

160

130

70

0.210

1125

7.1

95

210

110

70

0.210

1. Measured using water @ 20* C (68*F) with a gradient of one, between two steel plates, after one hour. Value may vary, based on dimensions of the
transmissivity specimen and specific Laboratory.

2. These values represent minimum acceptable test values for a roll as tested according to NSC/FSI's Manufacturing Quality Control Manual.
Individual test specimen values are not addressed in this specification.

3. Component properties are tested prior to the lamination process. They cannot be tested on the final product

"2/95
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BENTOFIX® THERMAL LOCK TECHNICAL SPECIFICATIONS

GCL DATA

PROPERTY

Physical
-Mass Per Unit Area
-Thickness

Mechanical
-Grab Tensile1

-Puncture
-Friction Angle2

-Peel Strength

Hydraulic
-Water Permeability3

TEST

ASTM D5261
ASTMD5199

ASTM D4632
ASTM D4833
ASTM D5321
ASTM D4632

GRI GCL-2

STANDARD

minimum
typical

typical
typical

minimum
minimum

maximum

UNITS

lb/fta (g/m2)
in (mm)

lb(N)
lb(N)

degrees
lb(N)

cm/s

BENTOFIX NW

1.09 (8820)
0.24 (6.0)

210 (928)
220 (972)

25
15

1x10'9

COMPONENTS
COMPONENT

Carrier Geotextile
-Mass Per Unit Area

Cover Geotextile
-Mass Per Unit Area

.Sodium Bentonite
Mass Per Unit Area

-Montmorillonite
Content

-Moisture Content
-Swell Index
-PlateWater Absorption
-Fluid Loss
-Confined Swell

TEST

ASTM D5261

ASTM D5261

Methylene-Blue
ASTM D4643
USP NF XVII
ASTM E 946

API 13B
GRI-GCL 1

STANDARD

minimum

minimum

minimum

typical
maximum
minimum
minimum
maximum
minimum

UNITS

oz/yd2 (g/m2)

oz/yd2 (g/m2)

Ib/ft2 (g/m2)

Meq
%
ml
%
ml
%

BENTOFIX NW

non-woven5

6.0 (200)

nonwoven
7.4 (247)

1.0 (4900)'

90
10
25
840
18

350

ROLL SIZE
DIMENSION

-Width x Length4

-Area per Roll

-Packaged Weight

STANDARD

nominal

minimum

typical

UNITS

ft(m)

ft2 (m2)

Ib (kg)

BENTOFIX NW

15.5x125 (4.7x38.1)

1938 (180)

2150 (977)

NOTES:
1.
2.
3.
4.
5.

10/19/95NW
Typical tensile values given for weakest principle direction.
Samples hydrated under an initial normal stress of 7.5 psi (50 kPa) and sheared internally.
Water permeability values given correspond to effective stress of 30 psi (206 kPa).
Nominal roll dimensions exclusive of protective edge area.
Non-woven carrier geotextile is woven reinforced.

~*ie information contained herein has been compiled by National Seal Company and is, to the best of our knowledge, true and accurate. All suggestions and
.ommendations are offered without guarantee. Final determination of suitability for use based on any information provided, is the sole responsibility of the

oser. There is no implied or expressed warranty of merchantability of fitness of the product for the contemplated use.

:OMP/
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Specifications Backhoe Loaders

MODEL 428 Series II 438 Series II
_ — —— ——————————————
Flywheel Power (Net)
Flywheel Power (Gross)
Operating Weight'
Engine Model — Perkins
Haled Engine RPM
No. ol Cylinders
Sore
Stroke
Displacement
Speeds Forward

1st
2nd
3rd
4th

Speeds Reverse
1st
2nd
3rd
4th

Turning Radius
2wheel drive
4 wheel drive

Tires, Front
Standard. 2WO
Standard, 4WO
Optional. 2WD
Optional, 4WO

TVes. Rear
Standard. 2 WO
Optional, 2WO
Optional, 2WO
Standard, «WD
Optional 2WD or 4WO

.Hydraulic system, closed center
Pump caoacily:

52 kW 70 HP
57 kW 76 HP

7143 kg 15,750 Ib
4.236
2400

4
98.4 mm . 3.87 in
127 mm 5 in
3.86 L 236 in'
km/h mph

5.2 3.2
9.7 6.0

18.3 11.7
29.4 18.3

5.2 3.2
9.8 6.1

19.0 11.8
29.6 18.5

3734 mm 12'3"
3734 mm 12'3~

9-16, 10 PR, F2 (outside U.S.A.)
10.5-20, 10 PR, R4

11L-16, 10 PR, F3 (standard U.S.A. 2WD)
12.5/80-18, 10 PR, 13

16.9-28, 10 PR. R4
16.9-28, 12 PR, R4

16.9-28, 10 PR, R4
16.9/14-28, 12 PR, R1 (outside U.S.A.)

16.9-28, 12 PR, R4 (outside U.S.A.)

108 Umin @ 17 gpm
2400 rpm ® 18 600 kP a

(28.5 gpm <S
2400 rpm ffl 2700 psi)

57 kW 77 HP
62 kW 83 HP

7364 kg 16.237 Ib
4.236
2400

4
98.4 mm 3.87 in
127 mm 5 in
3.86 L 236 in1

km/h mph
£.3 3.3

10.1 6.3
19.5 12.1
20.5 18.9

5.4 3.4
10.1 6.3
19.6 12.2
30.6 19.0

—
3708mm 12'1"

—
12.5/80-18, 10 PR, 13

_

—
—
—

18.4/15-26, 12 PH, R4

_ .

135 Umin £ 17 gp.T,
2400 rpm £ 18 SCO XFa

(36.4 gpm £
2400 rpm £ 2700 psi)

iI

i -

'Includes enclosed ROPS

5-3
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Standard Cold Inflation Pressures Tires

EXCAVATORS — Bias Ply
For complete tire data and inflation pressures, see the Excavator
section in this handbook.

BACKHOE LOADERS — Bias Ply

Model

416 Series II
(2WD)

(4WD)

426 Series II
(2WD)

(4WD)

436 Series II
(2WO)

(4WD)

428 Series II
~ (2WD)

(4WD)

438 Series II
(4WO)

446
(2WO)

(4WD)

Tire Size

11L-16
16.9-24
10.5-20 '

19.5L-24

11L-16
16.9-24
10.5-20

19.5L-24

11.0-16
16.9-28
10.5-20
16.9-28

9-16
16.9-28
10.5-20
16.9-28

12.S;80-18
18.4/15-26

14.5/75-16
21L-24
12.5-20
21U-24

Ply Rating

10
8
8
8

12
a

10
a

12
10
10
10

10
10
10
10

10
12

to
12
10
12

Pressure
Front

'<Pa psi

350 52,

Rear

kPa psi

195 28.
352T 51 h

V__X| 165 24

44Q 64

423 62

413 60

423 62

413 60

352 51

310 45

275 40

352 51

195 28

1£3 24

220 32

220 32

220 32

220 32

207 30

220 32

220 32

SKIDDERS — Bias Ply

Model

518
Cable

518
Grapple

528

Tire Size

18.4-34
23.1-26-
281-26
24.5-32
30.5L-32
66 x 43.CO-25

23.1-26-
28L-26
24.5-32
30.SL-32
66 X 43.00-25

24.5-32-
30.SL-32

Ply Rating

10
10'. 14

12. 14

12. 16
12. 16
10. 12

10-. 14
12. 14

12. 16
12. 16
10. 12

16
16

. Pressure
Front | Rear

kPa psi
172 25
138 20
138 20
172 25
138 20.
138 20

133 20
138 20
172 25
138 20
138 20

172 25
138 20

kPa psi
172 25
138 20

WHEEL TRACTOR-SCRAPERS — Bias Ply

Model

613C

615C

621E

623E

627E

Tire Size

18.00-25-
23.S-2S

26.5-25-
29.5-25

33.25-29'
29.5-29
29.5-35

29.5-29-
29.5^35

33.25-29'
29.5-29
29.5-35

Ply
Hating

16
16

2S
22

26
34
23

34
28

25
34
:a

Pres
Front

kPa
3*5
275

413

310

380
413

380

450
413

413
413

3-5

psi
£0
40

60
45

55
60
55

65
60

60
60
JO

sure
Rear

kPa
360
275

345
2<0

310
310
275

345
310

345
450
260

psi
55
40

50
35

45
45
40

50
45

50
65
55

631E

637E

37.25-35'

37.25-25'

65 IE | 37.5-39

657E 37.5-39

30

30

=2

32

360

3cO

550

550

55

55

30

80

310

:eo
413

=£0

45

55

60

80

I

'Stanaatd lire ana ply rating.

18-19
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.Sackhoe Loaders Machine Dimensions

Centerpivot
Machine Dimensions 416 Series II 426 Series II 436 Series II
N) Overall transport length
P) Overall transport height

Overall width, with bucket
Height to top ol canopy/can

O) Ground clearance
Front wheel tread

, Rear wheel tread
H) Wheel base (2WO)

(4WD)

6333 mm
3448 mm
2262 mm
2718 mm
297 mm
1780 mm
1714 mm
2100 mm
2067 mm

22'5"
11'4"
7'5".

. B'11"
12.0"
5'10"
5'7"
6'11"
6'9"

6917 mm
3742 mm
2262mm
2718 mm
291 mm
1780 mm
1714 mm
2100 mm
2067 mm

22'3"
12'3"
T5"
8'11"
11.0"
5' 10"
5'7"

5'11"
6'9"

7094 mm
3810 mm
2262 mm
2779 mm
352 mm
1 800 mm
1714mm
2100 mm
2067 mm

23'3"
12'6"
7'5"
9'1"
14.Q-
S'11"
5'7-
6'11"
6'9"

Centerpivot Sideshitt
Machine Dimensions 446 428 Series II 438 Series II
N) Overall transport length
P) Overall transport height

Overall width, with bucket
Height to top ol canopy/C2D

Q) Ground clearance
Front wheel tread
Hear wheel tread

R)- Wheel base (2WD)
(4WD)

7954 mm
4193 mm
2432 mm
2864 mm
332 mm
1970 mm
1800 mm
2233 mm
2233 mm

26'1"
13'9"
8'0"
9'5"
13"
6'6"
5' 11"
7'4"
7'4"

5585 mm
3574 mm
24C6 mm
2776 mm
320 mm
1780 mm
1690 mm
2100 mm
2067 mm

18'8"
1V9"
rn"
9'1"
12.5"
S'10"
5'6"
6'10"
6'9"

5696 mm
3597 mm
2406 mm
27S5 mm
335 mm
1870 mm
1690 mm

—
2067 mm

18-8"
11'10"
7'10"
9'2"
13.2"
6'2"
5'6"

—
6'9"

5-20
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SKINNER LANDFILL
WEST CHESTER, BUTLER COUNTY, OHIO
GEOSYNTHETIC FINAL COVER SYSTEM

TECHNICAL MEMORANDUM

APPENDIX 3

OTHER SITES WITH GEOSYNTHETIC CLAY LAYER
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capcsse-doc
COLLOID ENVIRONMENTAL TECHNOLOGIES COMPANY

TECHNICAL DATA SHEET

BENTOMAT CASE HISTORIES
(LANDFILL COVER SYSTEMS)

The following are brief descriptions of some of the projects in which Bentomat has been utilized
in landfill cover systems. The projects listed with, an asterisk are those in which Bentomat was
the sole barrier component of the landfill cover system.

*Henderson Road NPL Site. This illegal industrial waste disposal operation received a variety
of wastes and was capped to prevent further contamination of the groundwater by leachate. This
multi-layer cap system consisted of (from bottom to top): 12" clean fill, 12" clay, Bentomat,
geonet, nonwoven geotextile, 6" clay, 12" clean fill, and 6" topsoil. The area capped was
approximately 6 acres, and maximum slopes at the site were 3H:1V. The installation was
performed in the late Spring of 1992.

Engineer Black and Veatch Waste Science, Philadelphia, PA
Installer: RT Environmental Services, Inc., King of Prussia, PA

*Paccar NPL Site. Located in Renton, Washington, this project involved the capping of soils
which had been stabilized and solidified in order to immobilize heavy metals contamination An
on-site landfill cover system was constructed over the stabilized material in which Bentomat was
the primary hydraulic barrier. The Bentomat was placed directly over the flat, level layer of
solidified waste and then was overlain with 2 feet of protective soil. An asphalt parking lot was
constructed on top of the finished cover system. Work was completed in Summer 1992.

Engineer: CH2M HILL, Inc., Seattle, WA
Installer: Wilder Construction, Inc., Bellingham, WA

* Amherst Landfill. This was a municipal solid waste landfill project of approximately 8 acres,
installed late Fall 1992. It had a large, flat top area surrounded by 3H:1 V sideslopes extending
approximately 60 feet downward to existing grade. From bottom to top, the liner system
consisted of 12 inches of compacted sand as a gas venting layer, Bentomat, 12 inches of sand, 6
inches of wood chips, and 6 inches of topsoil.

Engineer: Tighe and Bond, Inc., Westfield, MA
Installer: Clean Berkshires, Inc., Lanesboro, MA

^Chesterfield Municipal Landfill This Massachusetts landfill cap was construction the Fall of
1991 in just three days. The landfill was just over 1 acre in area and had maximum slopes of
about 4H:1V. Bentomat was placed on a 12-inch compacted soil surface, and then 24 inches of
locally available clean fill was placed over the Bentomat This project was executed entirely by
municipal personnel.

1350 W. Shure Drive • Arlington Heights, Illinois 60004-1440 • (708) 392-5800 • FAX (708) 506-6150
_____________________A wholly owned subsidiary of American Colloid Company_____________________
The information and data contained herein are believed to be accurate and reliable. CETCO mates no warranty of any kind and accepts no

responsibility for the results obtained through application of this information.

01020I0010CCC
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Engineer Town of Chesterfield, MA
Installer. Town of Chesterfield, MA

Coalinga NPL Site. This former asbestos manufacturing site in Coalinga, CA was capped to
prevent airborne migration of asbestos-contaminated soils. Approximately 2 acres in size, the
cap system consisted of several soils layers underlain by a drainage geocomposite, a PVC
geomembrane, and Bcntomat The Bentomat was installed over two days in January 1991 upon
a flat, level, prepared subgrade.-

Engineer ATEC Associates, Los Angeles, C A
Installer: Barber-Webb, Los Angeles, CA

Longview, WA Hazardous Waste Site. A 35-acre industrial sludge landfill was covered with a
RCRA-type cap in which Bentomat was the clay component in a composite liner system. This
liner system (from top to bottom) consisted of 2 feet of protective soil, drainage geocomposite,
50-mil PVC, Bentomat, and 2 feet of sand as a subbase. The maximum slopes encountered on
the site were 7H;1V.

Engineer: CH2M HILL, Inc. Seattle, WA
Installer Ostrander Rock and Construction, Inc., Longview, WA

St John's Landfill This municipal waste landfill cap project involved several different cover
systems, depending on the local site conditions. Bentomat was typically used as the clay
component of a composite liner system which, from bottom to top, consisted of protective soil,
Bentomat, 60-mil VLDPE, geonet, geotextile, sand, and topsoil. The project was approximately
4 acres in size, relatively flat, and was completed in the Fall of 1992.

Engineer: GIT, Inc. Woodland, WA
Installer Gundle Lining Systems, Inc., Houston, TX

^Industrial Waste Cap. A cover system was built over an industrial waste landfill in
Evansville, Wyoming, for a private client Bentomat was used as a substitute for compacted clay
in this 4.5-acre cap project. From bottom to top, the cover system consisted of a prepared soil
subbase, Bentomat, 24 inches of soil fill, and 6 inches of topsoil. This project was completed in
the Summer of 1991 . Maximum slopes at the site were 3H:1V and were 45 feet long.

Engineer Dames and Moore, Inc. Denver, CO
Installer Core Services, Inc., Baton Rouge, LA

Dakhue Landfill. Located in New Trier, Minnesota, this 30-acre municipal waste landfill site
was a state-lead remedial project A composite cover system was installed over the entire area of
the landfill and consisted of, from bottom to top, sand subbase, Bentomat, 40-mil VLDPE, 12"
sand drainage layer, 12" clean fill, and 6" topsoil. The site was mildly sloping over most of its
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top area but did have an area with 4H:1 V sideslopes extending over two hundred feet in length.
Bentomat was installed during the Summer of 1992.

Engineer: Barr Engineering, Inc., Minneapolis, MN
Installer Gundle Lining Systems, Inc., Houston, IX

Hodapp LandfiD. Approximately 630,000 square feet of Bentomat was deployed during the
Fall of 1992 as part of a cover system over this paper sludge landfill. The cover system consists
of, from bottom to top, compacted soil, Bentomat, 40-mil VLDPE, non-woven geotextile, 12"
clean fill, 6" topsoil. The site is very flat and has no exceptional topographical features.

Engineer RMT, Inc., Madison, WI
Installer Kelchner Environmental Excavation, Inc., Centervflle, OH

^Western Berks County Landfill. An ongoing closure project, 130,000 square feet of the cover
system has been completed to date. Bentomat is the sole barrier component of the cover system,
which consists of. from bottom to top, clean soil, Bentomat, drainage geocomposite, 12" clean
fill, 6 " topsoil. The site has 3H:1 V sideslopes up to 100 feet in length.

Engineer Motley Engineering, Inc., Reading, PA
Installer Western Berks County

Rockiagham Landfill NPL Site. This municipal(?) waste landfill site was placed on the NPL
because it is a source of contamination for an underlying shallow aquifer. A cover system was
designed to minimize the infiltration of precipitation that was the source of contaminated
leachate. The cover system was originally designed with natural clay, but frequent and heavy
rainfall rendered the use of natural materials impossible. Bentomat was accepted as a substitute
for 2 feet of compacted clay at 1 x 10*7 cm/sec. Over 100,000 square feet of Bentomat was
installed in Summer of 1994. Construction of the cap, consisting of Bentomat, 40-mil VLDPE, a
sand drainage layer, and cover soil was completed on schedule.

Engineer Dames & Moore, Augusta, ME
Installer H. E. Sargent, Stillwater, ME

^Delaware Southern Solid Waste Facility. This is an experimental cap section consisting of
about 8,000 square feet, installed in October 1990. All of the material was placed on a 3H:1V
sideslope that was over 200 feet long. Two cross sections were built. One cross-section
consisted of 6 inches of clean soil on top of the waste, overlain by Bentomat, 12 inches sand
drainage layer, 18 inches of cover soil, and 6 inches of topsoil. The other cross-section was
identical except that the 12-inch sand layer was not installed. Although this project is not a true
Bentomat project per se, it does represent another way of engineering a cover system. It is also
the oldest landfill cover system in which Bentomat has been used.
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Southdown LandfilL This RCRA Subtitle C type cap in Fairbom, OH was installed over a
landfill containing cement kiln dust and other cement-related waste and construction debris.
Approximately 1.5 million square feet of Bentomat was installed In the summer of 1994. The
cap system consisted of a prepared soil subgrade, a non-woven needlepunched cushioning
geotextile, Bentomat, 40^mil VLDPE, and 3 feet of cover soil.

Engineer Engineering-Science, Buffalo, NY
Installer: SLC Consultants/Constructors, Inc., Lockport, NY



Industrial Landfill Cap Partial Project List 1990 to 10-95

Name

Aerohaven Cap

ALCOA -

Amax Realty Development

ARCO Landfill Closure

ARCO LF (flue dust)

Berkley Heights

Beryllium Cap

Bethlehem Steel Corp.

Centralia LF Closure

Champion Paper Stormwater

Clow Water Systems

Coal Creek Soils Cap

Fairchlld AFB-Sci. App.'LF

Faulkner Ash Storage Site

Cltv

Renton

Evans ville

Longvlew

Berlin

Massena

Carteret

Tuha

Anaconda *

Berkley Hts

Anaconda

Burns Harbor

Centralia

Cortland

Coshoclon

Centralia

Spokane '

Faulkner'

State

WA

WY

WA

NJ

NY

NJ

OK

MT

NJ

MT

IN

WA

AL

OH

WA

WA

MD

Size

308,000

200,000

1,650.000

500,000

236,370

397,215

390,000

600,000

200,00.0

55,000

56,400

2,300,000

54,000

258,585

101,000

1,100,000

165,645

Liner Type

Benlomat ST

Bentomal ST

Bentomat ST

Claymax 500SP

Bentomat ST

Bentomat ST

Claymax 500 SP-1

Claymax 500 SP

Claymax 500SP.

Claymax 500 SP

Benlomat ST

Claymax 500 SP

Claymax 500SP-1

Bentomat ST

Claymax 500SP

Claymax 500SP
Dcntomal ST

Date

92

91

92

95

95

94

94

94

95

94

94

94

95

94

94

95

94



Name

Finn Oil & Chemical Closure

Florida Steel Landfill Cap

Ft. Benning Landfill #13

Gaincsville Utility Ash Cap

Mawkins Point LF

Hess Oil Industrial Cap

Hodapp Landfill

Lipari Landfill Pro].

Mead Paper Industrial Cap

Montsanto Co. '

OU2 Cap Extension

Oxford Valley

Penrose Landfill

PG & E Cont. Solids

PG & E Union City Gap

Robins AFB Hazardous Cap

Sierra Conservation Cap

SoGreen Generator Group C

Southwestern Portland Cement

USN Biorcmediation Cells

CHv

Big Springs

Charlotte

Ft. Benning

Gainesville

Baltimore

St. Crolx

Hamilton

Pitman

Phoenix City

Bridgeport

Milan

Oxford Valley

Sun Valley

Sacramento

San Ramon

Warner Robins

Jamestown

Tirton
't

Fnirbom

Torrancc

Slate

TX

NC

GA

FL

MD

PR

OH

NJ

AZ

NJ

TN

PA

CA

CA

CA

GA

CA

GA

OH

CA

Size

350,000

180,000

2,500,000

232,000

24,375

28,000

630,000

236,730

300,000

155,000

315,000

85,000

369,165

220,000

126,000

270,000

35,000

207,500

1,300,000

90,000

Liner Type

Claymax200R-15

Claymax 506SP-1

Claymax 200R/ 50

Clnymax500SP-l

Benlomat ST

Claymax 500SP
• ' i

Bentomat ST

Bentomat ST

Claymax 500SP- 1

Claymax 500SP

Claymax 200R/ 50

Claymax 500SP

Benlomat ST

Claymnx 500SP

Claymax 200R

Claymax 200R- 15

Claymax 200R

Clnymax200R-I5

Bentomat ST

Claymax 200R

Date

94

95

95

95

94

94

92

94 '

94

94

95

95

95

95

94

94

94

95

94

94



Name

USS Posco Steel Industrial

Wilder EnvVPaccar Site

_Clty

Pittsburg

Renlon

Stale Size

CA. 400,000

WA 134,025

16,760,010

Utter Type

Claymax 500SP

Bentomat ST

Date

94

94



MSWLF Cap Partial Project List 1990 to 10-95

Name

Amherst Sanitary Landfill

Astamla Landfill

Auburn Road Landfill

Barefoot Landfill

Bluefield Cap

Blueficld Cap/Buchanan

Bowser Ridge Landfill

Buttonwillow Facility

Chesterfield Mun. Landfill

Chiquita Canyon Landfill

Dakhue Landfill

Granger Land Devel.

Hightower Landfill Cap'

Hohenwald Landfill Cap

Inman Landfill

Kelchner Env.

Laurel City Landfill

City

Amherst

Tavares

Londonderry

Altoona

Bluefield

Blucficld

Johnson City

Buttonwillow

Chesterfield

Valencia

New Trier '

Lansing

Cumming

Hohenwald

Bow

Foiiborn '

Lily

State

MA

FL

NH

PA

VA

VA

TN

CA

MA

CA

MM

MJ

GA

TN

WA

on
KV

Size.

270,000

227,580

405,075

45,000

202,000

190,000

1,700,000

20,625

48,000

500,000

1,400,000

297,915

230,000

530,000

60,000

225,840

471,570

Liner Type

BentomalST

Bentomat ST

Bentomat ST

Claymax 500 SP

Claymax 500SP

Claymax 500SP'

Claymax 200R/50

Bentomat ST

Benlomat ST

Claymax SOOSP

Bentomat ST

Bentomat ST

Claymax 500SP-I

Claymax 200R/ 50

Benlomat STi
Bentomat ST

Date

92

95

94

94

95

94

94

94

91

95

92

94

94

95

94

95

95



Name

Mica Landfill

NE TN Waste Management Cap

Nelson Co. Landfill

New Market Landfill

Pease AFB

Penrosc Pit Landfill

Presidio of Monlerey Landfill Ca

Rhode Island Solid Waste

Rhode Island Solid Waste

Rockingham DSI LP .

St. John's Landfill

Town of Franklin

Town of Sheffield

Tri-Community Landfill

United Waste K & W Landfill

Vista Ampitheatre Landfill Cap

Volusia County Landfill Cap

Watertbrd Hills Landfill

Western Dcrks County LF

Western Berks Refuse Authority

City

Mica

Rogersville

Bardstown

New Market

Portsmouth

Los Angeles

Monterey

Johnston

Jolinslon

Rockingham

Portland

Oneonta

Sheffield

Fort Fairfield •

Ontonagon

Mountain View

Daytona Beach

Waterford Hills
't

Rending

Dirdsboro

State

WA

TN

KY

NH

NH

CA

CA

RI

RI

VT

PR
NY

MA

ME

MI

CA

FL

MI

PA

PA

Size

1,300,000

155,000

810,930
* •

91,995

809,880

3,800,000

200,000

500,000

800,000

199,800

180,000

97,000

63,795

830,355

615,000

26,000

3,088,965

130,000

197,970

Liner Type

Dentomat ST

Claymax 500SP-1

Benlomat ST
* »

Benlomat ST

Claymax 200R/ 50

Claymax 500SP

Claymax 200R

Claymax 200R

Bentomat ST

Bentomat ST

Claymax 500SP

Bentomat ST

Bentomat ST

Claymax 500SP

Claymax 500SP

Claymax 500SP-1

Bentomat ST

Benlomat ST

Benlomat HD

Date

94

95

95

95

95 '

95

95

94

95

94

92

94

95

95

95

95

95

94-95

92

94-95



TR-400
(REV. 1/94)

BENTOMAT
Geosynthetic Clay Liner

LANDFILL CAP PARTIAL PROJECT LIST

CoalingaNPLSite
Coalinga, CA
Summer 1990
90,000 sq ft
Hazardous Waste Landfill Cap

Chesterfield Municipal Landfill
Chesterfield, MA
Summer 1991
48,000 sq ft
MSWLF Cap

Henderson Road NPL Site
King of Prussia, PA
Summer 1992
250,000 sq ft
Hazardous Waste Landfill Cap

Longview, WA
Summer 1992
1.65 million sq ft
Industrial Waste Landfill Cap

St. John's Landfill
Portland, OR
Summer 1992
180,000 sq ft
MSWLF Cap

Amherst Sanitary Landfill
Arnherst,MA
Falll992
270,000 sq ft
MSWLF Cap

Evansv01e,WY
Summer 1991
200,000 sq ft
Industrial Waste Landfill Cap

Western Berks County Landfill
Reading, PA
Spring 1992
130,000 sq ft
MSWLF Cap

Dakhue Landfill
New Trier, MN
Summer 1992
1.4 million sq ft
MSWLF Cap

Renton, WA
Summer 1992
308,000 sq ft
Industrial Waste Landfill Cap

Hodapp Landfill
Hamilton, OH
Fall 1992
630,000 sq ft
Industrial Waste Landfill Cap

ALCOA
Messena,NY
Summer 1993
865,000 sq ft
RCRACap



_ ::i_

Schilling Road Landfill Henkel Corporation
Ironton, OH Hairison, NJ
Summer 1993 Summer 1993
48,000 sq ft 47,000 sq ft
MSWLF Cap RCRA Cap

Portsmouth Naval Shipyard N. J. PSE & G
Khtety, ME Keamy, NJ
FaU 1993 Fall 1993
31,919 sq ft 90,000 sq ft
Contaminated Soil Cap Contaminated Soil Cap

Hawkins Point/Allied Signal
Baltimore, MD
FaU 1993
26,000 sq ft
RCRA Cap



Bcrtlofix® REFERENCE IJST - SELECTED U.S. PROJECTS (10/941

PROJECT
NAME/
LOCATION

City of Greenfleld
Landfill, TN

M.O T. Waste
Water Reclamation
Project, DE

Adams County
Landfill, OH

Chem Nuclear, SC

Wood Island, M!

South Hadley
Landfill, MA

Kaiser Aluminum

Dam's Treemont,
OH

APPLICATION

Landfill Cap

Lagoon Liner

Sanitary Landfill
Cap and
Sedimentation Pond

Low Level Nuclear
Waste Cap

Landfill Liner

Sanitary Landfill
Cap

Sanitary Landfill
Cap

Sanitary Landfill
Cap & Vertical
Expansion

BENTOMX
SUPPLIED

520,000 sf

1,500,000x1'

600,000 sf

450,000 *f

270,000 sf

360,000 sf

1 35, 000 sf

360,000 sf

OWNER

City oi'Grecnlield

New Castle
County. DF:

Kunipkc Waste
Collection and
Disposal

rhem Nuclciir

Wood islnnd Wusle
Management

Town of Hadley

Kaiser

Uanis Industries

KNGINKKR

King Hngincciing

Till man ft 1 .cc
Associates

Win M Slruchan,
P.lv, linginccring
Manager

(iolcler Associiiles

DM Engineers &
Ai-cliitectN

'I'ighc & Doiul

Paramcirix

1 kill K. Associiites

DATI:

November I'J»M

Octohci l«w-l

September I9»M

Deccinlivr \{w\

Seplember l̂ .t

August 1903

August IW1

June I^M



BeniofU® REFERENCE LIST- SELECTED If.S. PROJECTS tlM94\

PROJECT
NAME/
LOCATION

Peoria Disposal, IL

Enoree Landfill
Phase 11, SC

Glen's Landfill, Ml

Tremont Landfill,
PA

Grand Central
Landfill, PA

San Juan County.
NM

Granby Landfill,
MA

AJIis Park Landfill,
Ml

CWS Landfill, MI

APPLICATION

Sanitary Landfill
Liner

Sanitary Landfill
Cap

Sanitary Landfill
Liner and Cap

Sanitary Landfill
Liner

Sanitary Landfill
Liner

Sanitary Landfill
Cap

Sanitary Landfill
Liner

Sanitary Landfill
Liner

Sanitary Landfill

BKNTOMX
SUPPLIED

138,000 si'

978,000 sf

650,000 sf

3 50.000 sf

471, 000 sf

274,000 sf

1 58,000 sf

208,000 sf

1 76,000 sf

OWNER

I'corii) Disposal
Company

Greenville County

Uniled Waste
Systems, Inc

Danis Industries

Grand Centnil, Inc
Sanitation

Waste Management
Inc.

Partyka Resource
Management

Allis Park Sanitary
Landfill Inc

Waste Management
Inc.

KN« INKER

Peoriii Disposal Inc.

(irccnvillc County

We lick Associates

1 Ion and Associates

America Resources
Consultants

Rust ttnvironnteni
A Infrastructure

COM & Associates

Rowc I:.ngineci ing

SI-XVDonoluic

DATI:

June I*WJ

June 1 'KM

May IW.1

May I'm

April ll>*).i

l;chni!uy l»)9.l

Scptombci IW2

AugtMt \W2

August 1992



REFERENCE LIST - SELECTED U.S. i'UOJECTS (10/94)

PROJECT
NAME/
LOCATION

Cedar Ridge
Landfill, Ml

Turnkey Landfill,
Ml

Eagte Valley
Landfill, MI

Enoree Landfill, SC

CES Landfill, MI

APPLICATION

Sanitary Landfill

Sanitary Landfill
Liner

Sanitary Landfill
Liner

Sanitary Landfill
Cap

Sanitary Landfill
Cell

SI/E

11 7,000 sf

342,000 sf

21 7,000 sf

397,000 sf

1 54,000 sf

OWNER

Waste Management
Inc

Waste Management
Inc.

Waste Management
Inc

Greenville County

City l-jwironmcnifll
Services

I:N<;INIU>:K

Sl-C/Donoluic

G/.A P.nviromnnlal

SI-C/Donohue

Greenville County

Midwest
Consulting

DA IK

August 1W2

Mny IW2

M«y IW2

June I9«J2

June IW2



OTHER SITES INCORPORATING GEOSYNTHETIC CLAY LAYERS

Lone Pine Landfill Superfund Site Project, NJ Cap

Pratt & Whitney Cap, Middletown, CT Cap

American Cyanamid Cap, Wallingford, CT Cap

Shelton County Landfill, Hartford, CT Cap

Tullytown Sanitary Landfill, Tullytown, PA Liner

Broward County Landfill, Fort Lauderdale, FL Liner

CID Metropolitan Environmental Complex, Calumet City, IL Liner

Chemtronics Superfund Site, NC Cap

Sheffield Superfund Site, IL Cap

Salem Landfill, AL Liner

Superior Landfill, GA Liner

Live Oak Landfill, GA Liner

Stony Hollow Recycling & Disposal Facility, Dayton, OH Liner

Motco Superfund Site, La Marque, TX Cap

Montville, Landfill, Medina, OH Cap



SKINNER LANDFILL
WEST CHESTER, BUTLER COUNTY, OHIO
GEOSYNTHETIC FINAL COVER SYSTEM

TECHNICAL MEMORANDUM

APPENDIX 4

PUBLISHED PAPERS



ROBERT M. KOKRNF.U
DAVID E. DANIEL

: Designing the final cover for a solid-waste landfill or remediation site is often trickier than I
desiftringjts lining because a cover will undergo more unpredictable stress and distress during \
its life span. Engineers must pay special attention to the barrier component.

; flompacied clay doe* not necessarily
llmake the best barrier in a final cover of a

i waste-disposal project Nor is it the most
! cost effective. There arc problems with
i clay, and with other materials and con-
i structinn methods, thai must be consid-
| ered by designer* when they set out to seal
i off a sit?.
i Because of the variety of waste and site
: characteristics, each cover design most be
j tailored to the landfill or hazwaste site.
] Therefore, il is important for design engi-
j neers to understand the basic principles
I radier than rely on general directives for
! cover profiles. Like liners for waste-dispos-
; al projects (CE December 1991). final cov-
' ere must be designed for long-term con-
• lainment under unforeseeable conditions.

Covers must perform one or several
; functions in addition to keeping water out
' of the contaminated material. They also
; raise ground surface elevation* where nec-
essary, minimize and control precipitation
runoff and prevent out-migrarion of
perched leat'hate. They separate the waste

Oi4i-70i4.«-OOOi-CO}5 SO' 00-1SC pw page

from plants and animals, discourage intru-
sion, intentional or accidental, and control
gas release.

The "design life" of a cover depends on
the nature of the waste, the strategy for
managing liquids, the site hydrogeology,
duration of maintenance and the likelihood
of funds being available for repair. Unfortu-
nately, too many engineers are forced to
design a final cover system for an actively
decomposing body of waste. A better ap-
proach is to construct a temporary cover
and wait until substantial decomposition oc-
curs before designing or constructing the
final cover. Because this may take years,
even decades, it would require special fi-
nancial arrangements since the responsible
party may have vanished in the meantime.
Therefore, the real-world practice is to con-
struct final covers shortly after the last
placement of waste in new landfills, or con-
currently with overall cleanup of existing
sites.

Environmental factors that complicate
design of cover systems include:_____

ss

• Temperature extremes and freeze/thaw
to significant depths.
• Wet/dry cycles.
• Penetration by plant roots, burrowing an-
imals. worms and insects.
• Total and differential settlement caused
by compression of the waste or foundation
son.
• Temporary (or permanent) surcharge
loads such as soil stockpiles or materials
storage.
• Downslope slippage or crc^p.
• Vehicles on haul roads that traverse the
cover.
• Wind or water erosion.
• Deformations caused by earthquakes.
• Long-term moisture changes if water
moves in or out of the waste.
• Alterations caused by gas derived from
volatile waste or decomposition.

_ ______________
Covers arc usually composed of five layers:
(1) the surface layer (soil, cobbles or
paving); (2) thf protective layer (generally
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local soil); (3) a drainage layer that reduces
voater pressure on (4) the barrier layer; and

. (5) a gas collection layer, which must have
a hijjh in-plane gas (low rate. Individual
sites may not require all five. For example.
a drainage layer may not be needed at an
arid site, nor a gas collection layer for one
that produces no gas. Most sites, however,
require the barrier layer, which is the most
critical of the five.

The barrier layer minimizes percolation
of water directly by stopping infiltration
and indirectly by promoting water storage
or drainage in the outer layers. Because a
cover must resist so many unknown stress-
es, it is often more difficult to provide an ef-
fr-ctive hydraulic barrier layer in a cover
system than in a site lining system.

Historically, most cover barrier layers
have contained a compacted clay liner
about 2 ft thick wi th a design hydraulic
conductivity of 3.9 x 1(H in./sec. This re-
flects engineers' long use of clay to prevent
water infiltration in various types of prn-

'. jects. Typically, the compacted clay liner
has been used without a geomembranc lin-
er and has been covered with a thin (6-24
in.) layer of soil. For modern hazardous-
waste disposal facilities, however, a com-
posite liner consisting of geomembrane
and compacted clay is common in the U.S.

It is unfortunate that compacted clay
has been so widely and indiscriminately
used in cover systems because there are
several problems that question its long-

| term performance as a barrier
• • Clay liners arc difficult to compact prop-
. erly on a gas collection layer or a soft
(waste) foundation.

| • Compacted clay will tend to desiccate
i from above or below and Crack unless ade-

quately protected.
• Compacted clay is vulnerable to damage

! from freezing and mvi*t be protected by a
suitably thick layer of cover soil.
• Differential settlement of under ly ing
compressible waste will crack compacted

clay if its tensile strains become excessive.
j • Compacted clay liners are difficult to re-
! pair if they desiccate, crack or are penetrat-
I ed. In addition, such a finer is not as effrc-
I live as a composite liner in impeding move-
I ment of liquid.
j Some designers have assumed that a
| thin layer of cover soil can protect a com-
i pacted clay liner from desiccation. Field ex-
i periments lasting up to three years show
I otherwise. In one study, researchers in
i Wisconsin found the clay weathered and
| blocky, with cracks up to 0.5 in. wide ex-

tending as far as 3 ft into it. Roots penetrat-
ed in a continuous mat with some extend-

. ing 30 in. into the clay. Clearly, 18 in. of
i cover soil was not enough protection.
i Perhaps the best and only practical way
• (o protect a compacted clay liner from des-

iccation is to cover it wjih both a geomem-
brane and a layer of cover soil. Less protec-
tion will not maintain the clay's "as placed"
moisture contact and prevent cracks. A ge-
omembrane may not be necessary under
an extremely thick layer of cover soil, but
such thickness would be impractical except
for radioactive and other unusual types of
wastes.

Although designers have sometimes
considered desiccation of the clay liner
from above, few have given careful thought

to the potential for drying from below.
Compacted clay liners (CCLS) are usually
placed at optimum water contents and '.
more than 99.5% relative humidity of the '

j gas in the underlying materials—soil, 5nal ',
I daily cover, gas collection layer or the !
! waste itself. Gas any drier will eventually !
| dry and crack the clay, so a geomembrane

placed beneath the ca may be. needed to
prevent drying from below. However, plac- ''
ing and compacting a CCL on top of a ge-
omembrane is difficult, as heavy com-
paction equipment lends to damage it.

Differential settlement poses another
problem with ens. Distortion, defined as
differential settlement divided by distance,
stretches the liner, producing tensile i
strains in the cover comivinenis. Krom the !
literature, we find that compacted clays !
cannot sustain tensile strains larger than
0.1-1%. The maximum distortion associat-
ed with these strains of less than 1% is
0.05-0.15.

What does this level of distortion mean
in practical terms? The center of a 20 ft di-
ameter circular laze/ill cover, for instance,
could settle only 0.5-1.5 ft before signifi-
cant cracking could be expected. Our expe-
rience is that many covers for municipal
solid-waste landfills have distortions of this
sizt or larger. We argue that a CCL is inap-

TABLE 2. BENEFIT/COST RATIOS, BARRIER LAYER OPTIONS 1

Desifin
,iltern«« Description

Overall
benefit

Estimated cost
(dui!ars/»n fi)

3e»tit.'cost
ratio

Ranking
in group

On* Barrier Layer
A
R
C

CCL
G.M

GCL

36
6*
46

O.TO
O.'u
O.TO

5i
HI
•.*>

3
1
1

Two Barrier Layers

GM.'CCL
CM-GCL

58
66

1.40
1.40

4i
47

-)
1

Barrier

GM CCbGM
OM GCL C.M

2.in
2.10

34
37

j _____________ ____________ ._.____________
! OViRALL BENIFIT IS DFrtBMlNED BT SUMMING THE HORIZONTAL ROWS IN TAIU 1.



TO.LU-L

('111 F\iii\>miv.Ato to"?

' propriate in such cover systems. However,
| in defense of CCLS for hazardous cover sys-
! terns, most modern hazwasie landfills in

U.S. probably have far less distortions
'u.an those in the example. Also, for final
i covers ovtr contaminated soil or other rela-
i lively incompressible material, differential
! settlement may not be a problem.
i In contrast, geomembranes can with-
stand comparatively large tensile strains,
even when stressed three dimensionally
and out of plane by differential settlement, j
It is not vulnerable to freeze/thaw. A single
geomerafarane liner is a more sensible
component for most municipal solid-waste
cover systems than a single compacted clay

! liner.
Between the CCL and the geomembrane

(r.M) is another possibility, a geosynthetic
v liner (GCL) manufactured by placing dry

v_^ntonitic clays between geotextiles (nee-
dled, stitched or unbound) or on a geomem.
brane. There are four of these products
available under the registered trademarks
Gaymax Bentomat and BentoiLx, and non-
trademarked Gundseal. Several manufactur-
ers are currently doing a great deal of devel-
opment and testing in this area.

Designers should consider seven op-
nons for the barrier layer of a final cover
system:
• ecu single compacted clay liner.

• • CM. single geomembrane.
' • «:i, single geosynthetic clay liner.
' • C.M/CCL. two-component composite.

- CM/OCI, two-component composite.
GM/CCL/GM. three-component composite

iliner.
j • r.M/GCL/uM, three-component composite
J liner.
I The critical factors that affect selection
j of the specific barrier layer arc climate.
| amount of differential settlement, vulnera-

bility of the cover soil to erosion or punc-
l rure. amount of water i»rcolalion that can
. be tolerated through the cover system,
' need for collecting waste-generated gas
and slope steepness.

' W'e have assessed the seven barrier-lay-
er alternatives, scoring each of those fac-

' tors as 1 (not recornmendco) to 5 (recom-
i mended). For example, in cases involving
large differential settlement, we scored a
impacted clay liner 1 and a geomembrane

W'e suggest that designers consider
1 these assessments (Table I) for general
I-guidance only. Unique conditions at a par-
ticular site may call for special design pre-

I caunons.

FINAL COVER

OF THE HVt IAYUS IN A FINAl COVfB AT A
wAsn DISPOSAL srri. TMI MMICX IAYM a mi
MOSTOUTKAL.

\\'e extended the assessed scores into a
general cost estimate and computed a gen-
eral benefit/cost ratio for each of the seven
alternate barrier layers with the following
installed cost estimates:
• CCLS vary from about $0.50 to $2 per
square foot depending on thickness, avail-
ability, size and type of facility. In extreme
conditions such as lack of locally available
clay, the cost can be much higher We
used S0.70 per square foot as our estimated
cost for a 2 ft thick compacted clay liner of
3.9 x 10"* in./sec hydraulic conductivity.
• The cost range for G.MS is narrower. We
used S0.70 ptr square foot for a 40 mil ije-
omembrane with good out-of-plane defor-
mation propenies.
• GCL's vary from $0.50 to SI per square
foot depending on site conditions. We as-
sumed S0.70 per square foot

Thus, with each of the three barrier lay-
er components costing $0.70 per Square
foot, schemes with two elements will cost
twice that of a single-element layer, and
schemes with three elements, triple. For
the benefit/cost ratio of each alternative,
we added the horizontal rows in Table 1 to
obtain an overall "benefit," which we divid-
ed by the cost. This arbitrary procedure
gives an overall picture of how the alterna-
tives perform over a broad range of site
conditions (Table 2).

Among the single-layer systems, the
single geomembrane (CM) outperforms die
geosynthelic clay liner (GCL) in benefit/
cost terms. Both of these outperform a
compacted clay liner (CCL), which is the
poorest overall technical choice as well as
benefit/cost choice of any single layer sys-
lem. Paradoxically, U is the most widely
used and permitted single liner material
currently in use for landfill covers.

Of the composites, the CM/OCX outper-
forms the CM/CCL both ways. This is impor-
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since most commonly constructed
composite liners are usually a CM/CO, com-
bination. For triple systems. \\ic differences
are relatively small.

Our recommendation for a currently
available barrier system, therefore, is ei-
ther a single geomembrane liner (CM), or a
geomcmbrane over a gomsyniheric clay lin-
er (GM/CCL). Compacted clay liners may
have a place in cover systems, bul only for
limited situations with very small differen-
tial settlements and adequate protection
from desiccation and freeze/thaw.

AT AflOlT RCRA?
Our conclusions and recommendations are
based on technical rather than regulatory
considerations. The EPA'S Resource Conser-
vation and Recovery Acl (RCRA) mandates
for eovers require a KM/CCL barrier. They
were written for hazardous wastes, are in-
ferred for municipal solid wastes, and may
be applicable for site remediation projects.
For an equivalency evaluation of the typical
RCHA cover cross section, designers must
address three issues:

). The hydraulic equivalency of the reg-
ulation-suggested CCL to a CCL can be
demonstrated using Darcy's formula (0 =
KIA). There must be assumptions, howev-
er, that there are no thin areas or punc-
tures in the ecu

2. Some of the cos have an upper geo-
lextile with in-plane transmissivity that may
compromise the "intimate contact" of the
clay and geomembrane. Manufacturers are
working on this problem.

3. Stabiliry issues involving geomem-
branes and hydrared GCLS must be ad-
dressed by designers in light of proper
geotechnical engineering principles.

W\th proper design and testing, regula-
tory concerns can be overcome. Yet the
best of design schemes and manufactured
materials are worthless without proper con-
struction methods and quality control.
Placement and seaming the materials, and
installing penetrations such as gas vents re-
quires extreme care by all parties. The re-
sult will be a superior long-term barrier
system for solid-waste landfills and site re-
mediation projects. V

Kotert M. Koerner, .vf.xiC£. is professor o/l
civil engineering and director of the Geosyn-
thelic Research Institute at Dracel Universi-
ty. David E. Daniel, M.ASCE. is professor of
civil engineering at the University of Texas
at Austin.
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GEOSYNTHETIC CLAY LINERS (GCLs) IN LANDFILL COVERS
by David E. Daniel

Professor of Civil Engineering
University of Texas
Austin, TX 78712

ABSTRACT

Low-permeability, compacted clay liners are commonly required as a barrier to water
infiltration in landfill covers. A relatively new material, known as geosynthetic clay liner (GCL),
has been proposed as an alternative to a compacted clay liner. A GCL has the practical
advantages of relatively low cost (approximately $0.50 to $0.60 per square foot for a landfill
cover, installed), rapid installation with light-weight equipment, and ease of repair. A GCL also
has several technical advantages, including greater tolerance for differential settlement and better
self-healing characteristics under wet-dry and fireeze-thaw conditions. A potentially important
disadvantage of the GCL is that, because it is thin, it is more vulnerable to damage from puncture
than a compacted clay liner. However, compacted clay liners are not without their problems, too,
and designers, as well as regulators, of final landfill covers are encouraged weigh the advantages
and disadvantages of the various materials before reaching a decision about the best material to
use for a particular l^n^fill,

Most regulatory agencies require that compacted clay, or the equivalent, be used as a
barrier to water infiltration in final covers. Typically, a 1- to 2-ft-thick layer of compacted clay
having a hydraulic conductivity (coefficient of permeability) Six 10*7 cm/s is required. To
achieve regulatory approval, an applicant who proposes to use a GCL rather man a compacted
clay liner may be required to demonstrate that the GCL win perform in an equivalent manner to a
compacted clay liner. If the GCL can be shown to be equivalent in terms of meeting
performance objectives, a basis for regulatory approval is established.

The objectives of this paper are: (1) to provide an introduction to GCLs for those who
may be unfamiliar with this lining material; (2) to summarize the potential applications of GCLs
to landfill covers; (3) to examine the relative advantages and disadvantages of GCLs compared to
compacted clay liners; and (4) to provide a generic assessment of performance equivalency of
GCLs compared to low-permeability, compacted clay barriers. The fourth item will comprise the
bulk of the paper. The conclusion is drawn that geosynthetic clay liners can be shown to provide
equivalent performance to low-permeability, compacted clay liners for many landfill sites. The
key issues concerning equivalency are ability to limit percolation of water through die barrier,
permeability to gas, slope stability, and puncture resistance.

INTRODUCTION TO GEOSYNTHETIC CLAY LINERS

The Material

Geosynthetic clay liners (GCLs) are thin "blankets" of bentonite clay attached to one or
more geosynthetic materials (e.g., geotextile or geomembrane). Bentonite is a unique clay
mineral with very high swelling potential and water absorption capacity. When wetted, bentonite
is the least permeable of all naturally-occurring, soil-like minerals. Bentonite is also a
chemically stable mineral that has undergone complete weathering and will last, in effect,
forever.



Geosynthetic clay liners are manufactured by laying down a layer of dry bentonite,
approximately 1/4-inch thick, on a geosynthenc material and attaching the bentonite to the
geosyntheric material. Two general configurations are currently employed in commercial
processes: bentonite sandwiched between two geotexriles (Fig. la) or bentonite glued to a
geomembrane (Fig. Ib). The primary purpose of the geosynthenc component or components is
to hold the bentonite together in a uniform layer and permit transponadon and installadon of the
material without losing bentonite or altering the thickness of the bentonite. However, the
geosyndieric components may serve odier important purposes, as well, such as adding tensile or
shear strength to the material

.(A) Bentonite Sandwiched Between Two Geotextiles

(A) Bentonite Glued to Geomembrane

Figure 1. General Configuration of Geosynthedc day Liners.



The bentonite component of a manufactured GCL is essentially dry, and there are open
voids between bentonite granules in the manufactured material. When the bentonite is hydrated
with water (for example, by imbibing water from underlying or overlying soils), the bentonite
swells and the voids between bentonite granules close. The swelling action of bentonite is
crucial to attainment of low permeability.

Geosynthetic day liners contain approximately 1 pound per square foot of high-quality
sodium bentonite that has a hydraulic conductivity (coefficient of permeability) of approximately
1 x 10"9 cm/s or less. Continuous gravity percolation under unit hydraulic gradient through a
material with a hydraulic conductivity of 1 x 10*9 cm/s would result in an infiltration rate of 0.01
inches per year, or approximately 1 inch every 100 years. For landfill covers, an intact GCL may
be considered essentially impermeable to water.

Geosynthetic clay liners were first manufactured in the early 1980's and were initially
used for foundation water proofing and for sealing water retention structures. Geosynthetic clay
liners were first used for landfill briers in 1986. Since 1986, geosynthetic clay liners have been
used for a variety of lining applications and also in several final cover systems for hazardous
wastes, radioactive wastes, and non-hazardous solid wastes.

Commercial Products

Four geosynthetic clay liners are currently manufactured: Bentofix®, Bentomat®,
Claymax®, and Gundseal®. The GCLs fall into the broad categories shown in Fig. 1 as follows:

• Bentonite sandwiched between two geotextiles: Bentofix®, Bentomat®, and Claymax®

• Bentonite mixed with an adhesive and glued to a geomembrane: Gundseal®.

The GCLs are sketched in Fig. 2. Bentofix® and Bentomat® consist of bentonite
sandwiched between a woven and non-woven geotextile that are needle-punched together.
Claymax® 200R consists of bentonite mixed with glue and sandwiched between two woven
geotextiles. Claymax® 500SP consists of bentonite miwd with glue and sandwiched between
two woven geotextiles mat are sewn together. The purpose of stitching the two geotextiles
together is to provide additional internal reinforcement and greater shear strength. With all the
geotcxtile-encased GCLs, special geotextiles can be selected to "custom design" the GCL to a
particular application. Gundseal® is made by mixing bentonite with an adhesive and attaching
the bentonite layer to a polyethylene geomembrane. Gundseal® can be supplied with high
density polyethylene (HOPE) or very low density polyethylene (VLDPE), and the geomembrane
can be either smooth or textured.

All GCLs are manufactured in panels with widths of approximately 13 to 17 ft and
lengths of approximately 75 to 200 ft The panels are placed on rolls at the factory and are
unrolled at the time of installation. The weight of the roll varies, depending on size and
materials, from about 1,400 to 4,000 pounds.

The panels are typically overlapped 3 to 12 in. during installation and are said to be "self
sealing" at the overlap. A sketch of the overlapped zones is shown in Fig. 3. With geotextile-
encased, needle-punched GCLs, sodium bentonite is placed along the overlap (Fig. 3a) at a rate
of approximately 0.25 Ib/ft The bentonite penetrates the pores of the geotextiles and is said by
the manufacturers to cause the materials to self seam when the bentonite hydrates. With
geotextile-encased, adhesive-bonded GCLs, no additional bentonite is needed (Fig. 3b). The
material is said to self seal upon hydration at the overlaps through expansion and "oozing" of
bentonite out through the openings of the geotextile in the overlap area.
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Woven Geotextile

Bentofix® and Bentomat®
Needlepunched
Fibers

Non-Woven Geotextile

Claymax® 200 R

Woven Geotextile

Sodium Bentonlte Mixed
with an Adhesive

Open-Weave Geotextile

Claymax® 500 SP

.WovenGeotextfte

Sodium Bentontte Mixed
with an Adhesive

Woven Geotextile Sewn Stitches'

Gundseal®

Sodium Bentonlte Mixed
with an Adhesive

Polyethylene Geomembrane

Figure 2. Commercially-Produced Geosynthedc Clay Liners.



A. GeotextHe-Encased, Needle-Punched GCLs

Sod urn Bentonlte

B. Geotextlle-Encased, Adhesive-Bonded GCLs

6 in, (Ma)

C. Bentonlte-Polyethylene Composite GCL

3in.(Min.) PoVethyiens

D. Bentonlte-Polyethylene Composite GCL with Cap Strip

Weti PoVethylene Cap Strip
Weld

Figure 3. Overlapped Zone of Geosynthetic day Liners.



With GCLs containing a geomembrane, the GCL can be placed with the bentonite facing .—s
upward (Fig. 2) or, as shown in Fig. 3c and 3d, downward. If the GCL will be used by itself as a
composite geomembrane-clay liner, the geomembrane would face upward. If a separate
geomembrane is to be placed on the GCL, the bentonite would face upward. The material is said
to be self sealing at overlaps with no need for any mechanical seam at the overlap (Fig. 3c).
However, if one wants to form a continuous geomembrane out of the geomembrane component
of the GCL, a cap strip can be welded over the overlap (Fig. 3d).
Potential Uses of Geosvntheric Clay Liners in Final Cover Systems

Geosynthetic clay liners can be used in final cover systems in several ways, as shown in
Fig. 4. One choice (Fig. 4a) is to use the GCL by itself as a barrier to water infiltration. The
GCL would be buried below a layer of protective soil. As indicated earlier, the bentonite
component is expected to be essentially impermeable to water after it is has been hydrated,
assuming that the GCL withstands the potentially damaging effects of wet-dry cycles and
differential settlement (discussed later). One possible problem with using a GCL by itself as a
barrier layer is that the dry bentonite is initially highly permeable to landfill gas - the bentonite
would have jo absorb water, hydrate, and swell before the bentonite becomes an effective barrier
to gas migration, and the bentonite could not be allowed to dry out because the bentonite would s.
again become permeable to landfill gas. At extremely arid sites, there may not be adequate water
available to hydrate the bentonite to the extent that is necessary in order for the GCL to have a
low permeability to gas. However, for those GCLs that contain a geomembrane, the
geomembrane itself provides a barrier to gas migration. In addition, a barrier to gas migration
within the final cover may or may not be a design consideration, depending on site-specific
considerations.

•

The second potential use of a geosynthetic clay liner in a final cover system is in
conjuncnon with a geomembrane (Fig. 4b) to form a composite geomembrane/GCL liner. The
composite could either be formed by using a GCL that contains a geomembrane or by separately
constructing a geomembrane on top of a GCL. By placing clay under the geomembrane, the clay
serves to seal off any imperfections in the geomembrane, e.g., pinholes or defects in seams, and
to help in providing an extremely effective composite barrier to infiltration of water. The
geomembrane would protect the underlying GCL from wet-dry cycles and would serve as a gas
barrier for those periods when the bentonite component of the GCL is relatively dry. The main
advantages of a separately-constructed geomembrane are that a separate polyethylene N
geomembrane liner could be seamed with the most advanced welding equipment available,
which is microprocessor-controlled, dual-track, hot wedge welding equipment, or that some other
type of geomembrane besides polyethylene could be used, if desired. If a bentonite-polyethylene
composite GCL is used and the polyethylene components are to be seamed at overlaps, a cap
strip is typically placed over the overlapped region and the edges of the cap snip are welded with
fillet extrusion welding apparatus (Fig. 3d). However, because water flow through non-welded
seams is expected to be negligible, the author encourages designers not to use cap snips over
overlapped panels unless there is a good reason to do so.

A third option is to sandwich the GCL between two gedmembranes (Fig. 4c). One or
both geomembranes would be separately installed, depending upon the GCL material employed.
The advantage of this design is that even less percolation of water through the barrier would
occur. In fact, the bentonite component would become wetted only around minor imperfections
in a geomembrane or its seams, where the bentonite would serve to seal off the leakage through
the imperfection. This type of design approach, with a triple-composite liner, has rarely (if ever)
been used for final covers over solid waste landfills and would be considered an extreme design
for those facilities requiring extraordinary protection from water percolation or gas migration
through the final cover.



(A) GCL Used for Barrier Layer by Itself

Gaosynthatic QayLJnar

(B) GCL Used with Geomembrane

Gaosynthatic Clay Liner

(C) GCL Used with Two Geomembranes

(D) GCL Used with Compacted Soil and (Optional)
Geomembrane

Gaomambrana

>AV.V.V.V.V.V.V//AV.v/:./57Vv

(E) GCL Used with Low-Permeability Waste
Material and (Optional) Geomembrane

y^^^^fSSs^Mm^^^-

Geo«yrtho«c OayUnar

Figure 4. Potential Uses of Geosynthedc day Liners in Landfill Covers.



A fourth option is to place the GCL on top of a low-permeability, compacted soil liner
(Fig. 4d), possibly with a geomembranc placed on top of the GCL (Fig. 4d), This design adds
redundancy of materials and enables one to provide a very high degree of protection in the final
cover system. In such cases, the GCL may replace pan of a conventional compacted clay liner,
or the low-permeability soil component may have a hydraulic conductivity that is greater than the
usual 1 x 10"7 cm/s (Le., use of the GCL lessens the need for extremely low permeability in the
underlying soil barrier layer).

A fifth option is to place the GCL on top of a low-permeability, re-used waste material
(Fig. 4e), possibly with a geomembrane placed on cop of the GCL (Fig. 4e). This design adds
redundancy of materials and enables one to malca productive use of waste Tnafmajg, An example
of a waste material that might be considered is paper industry sludges (Maltby and Eppstein,
1993).

ENGINEERING PROPERTIES OF GCLs
. j'

Hydraulic Conductivity

In general, the hydraulic conductivity of the bentonite component of GCLs varies
between about 1 x Kh10 and 1 x 1(H cm/s, depending on the confining stress. The higher the
compressive stress, the lower the hydraulic conductivity. There are some differences between
the hydraulic conductivities of the various GCLs, but, except for bentonite-geomembrane
composite GCLs (for which the geomembrane will significantly reduce the overall hydraulic
conductivity), the differences do not appear to be very large. The available data are summarized
by Schubert (1987). Daniel and Estornell (1990), Scheu et aL (1990). Daniel (1991). Eith et al.
(1991), Shan and Daniel (1991). Estornell and Daniel (1992). Grube (1992), Daniel et al. (1993).
and Daniel and Boardman (1993).

For a final cover system, a confining stress on the order of 200 psf to 600 psf is a
reasonable range. Laboratory hydraulic conductivity tests performed on backpressure-saturated
test specimens in flexible-wall permeameters indicate that the hydraulic conductivity of the
bentonite component of GCLs in this range of compressive stress is approximately 1 to 4 x 10'9
cm/s. Estornell and Daniel (1992) measured the hydraulic conductivity of GCLs in large tanks.
The tests were specifically set up to simiilahi conditions of low overburden stress that are typical
of final cover systems and to test very large specimens with overlaps. Of the 10 tests for which
hydraulic conductivities were measured, the average value was 4.6 x 10~9 cm/s (normal
averaging) or 22 x 10*9 flogarithmic averaging). Based on all the data, a reasonable assumption
is that a GCL can be supplied with a hydraulic conductivity for a landfill cover application less
than 1 to 5 x 10*9 cm/s.

Studies of the hydraulic properties of overlapped seams performed by Estornell and
Daniel (1992) indicate that the overlapped seams in GCLs self seam in the manner described by
the manufacturers. For geotextile-encased, needle-punched GCLs with additional bentonite
along the overlap, the bentonite appears to swell upon hydration and plug voids in the geotextiles
present in the overlap. For the geotextile-encased. adhesive-bonded GCLs that have been tested,
the bentonite within the GCL appears to ooze out through the openings in the geotextile and to
allow the material to self seal. For bentonite-geomembrane composite GCLs, the bentonite
swells upon hydration, seals at the bentonite-pplyethylene interface, and effects self-seaming at
the overlap. Thus, based on the available data, it is reasonable to assume that with proper quality
control in the field, seams can be installed that will self-seal



Strength

Internal Shear Strength. The internal shear strength of GCLs has been detennined by the
manufacturers and various organizations and testing laboratories. "Internal shear strength" refers
to the strength of the material when sheared through the mid-plane of the bentonite. The author
and his students at the University of Texas have performed independent tests, which are
described below.

Direct shear tests were performed on square specimens that measured approximately 2.5
in. in length and width. Test specimens were cut from parent material, set up in a direct shear
apparatus, and subjected to the desired normal load. For tests on water-saturated specimens, the
specimens were then soaked with water and allowed to equilibrate; about 3 weeks were required
before swelling ceased. Test specimens were sheared very slowly with failure occurring in 3 to 7
days. Results on water-saturated GCLs are summarized in Figure 5.

• • Bentomat
Claymax
Gundseal

10 15 20

Normal Stress (psi)

Figure 5. Results of Direct Shear Tests on Fully Hydrated GCLs.



The failure envelopes shown in this figure were determined from linear regression
analysis, which yielded the following results:

Geosynthetic Clay Liner Effective Cohesion fpsfl Angle of Internal Friction (Degrees)

Bentomat® 4.4 29

daymax® 0.6 9

Gundseal® 1.2 8

The reader is reminded that these results are for completely water-saturated bentonite — if the
bentonite is encased between two geomembranes, it is unlikely that the bentonite will become
saturated throughout

Careful examination of the low-nonnal-stress region shows that the failure envelope is
distinctly curved. This curvature is significant because it means that the materials are stronger at
low compressive stresses (such as experienced in final covers) than other situations. In studies
recently completed at the University of Texas, tilt-table tests were performed. Samples of GCL
materials that measured 12 in. by 12 in, were set up on a tilt table, loaded with a steel plate,
placed in a water bath, and allowed to fully hydrate. Then the table was slowly tilted over a
period of several weeks until sliding occurred. The tilt table and direct shear data for one GCL
(Gundseal®) are shown in Fig. 6. The failure envelope is obviously curved. Figure 7 presents
the relationship between angle of internal friction and normal stress. For landfill covers, a
typical range of normal stress is approximately 200 to 600 psf. Although the data are presented
for only one GCL, similar trends are expected for other GCLs. Designers should exercise care in
evaluation of shear strength data to ensure that the proper parameters for the conditions expected
in the field are utilized in design.

Dry bentonite is much stronger than water-saturated bentonite. For dry GCLs or slightly
damp GCLs, the angle of internal friction (even for the materials that are not internally
reinforced) is approximately 35*. It is only if the material is hydrated that bentonite becomes
weaker.

For those GCLs that are needle-punched or sewn together, the internal reinforcement of
the GCL makes the material's internal shear strength much less sensitive to the strength of the
bentonite contained between the attached geotextiles. However, the reader is cautioned that for
landfill covers, the GCL may be exposed to prolonged shearing stresses for periods of years,
decades, or even centuries, and that the long-term shearing resistance should be carefully
considered.

Interfacial Shear Strength. "Interfacial shear strength" refers to the shearing strength
between two adjacent components of a liner or cover system. The GCL may be placed against
soil, a geomembrane, or a geotextile. Because the range of possible materials at an interface is
unlimited, the actual interfacial shearing properties are usually determined on a project-specific
basis. It is the author's experience that the internal shear strength will often govern the design
because, with proper selection of materials, relatively high interfacial strengths can usually be
obtained.
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i Tensile Strength
i

The tensile strength of a GCL is derived almost exclusively from the tensile strength of
the gcosynthetic components. For those GCLs that are constructed from unmodified
geosynthetics (i.e., no needle-punching or other alteration of the parent •gcosynthetic material),
the tensile strength of the GCL may be taken as the tensile strength of the geosynthetic
components. For those GCLs whose geosynthetic components have been altered during the
manufacturing of the GCL (i.e., needle-punched or sewn GCLs), tensile strength can be
measured by performing a wide-width tensile test on the GCL material itself. Data on tensile
properties of GCLs is available from the manufacturers.

Durability

Puncture Resistance. Shan and Daniel (1991) studied the effects of punctures on a
geotextile-encased, adhesive-bonded GCL. The manufacturers of other GCL products have
developed similar data for their particular products. The effects of punctures on the hydraulic
conductivity of the GCL were studied by drilling or cutting circular holes into the dry GCL,
setting the punctured GCL up in flexible-wall permeameters, and permeating the GCL slowly
until steady flow was achieved. Results are summarized in the following table:

Diameter of Puncture Hydraulic Conductivity (cm/s)

No Punctures 2 x 10*9

0.5 in. 3 x 10-9

lin. SxlO-9

3 in. > 1 x 1(H

Small (^ 1 in. diameter) punctures made in the dry material self-sealed upon hydration of
the bentonite. These tests illustrate the self-healing capability of bentonite. Each particular GCL
has a different capacity to self-heal punctures. However, all GCLs are capable of self Healing
small punctures in the dry GCL when the bentonite is hydrated. It should be emphasized that
these tests were performed under carefully controlled conditions in which no material other than
bentonite was allowed to fill the puncture. In the field, other materials may fill large punctures.
Although GCLs have some capability to self-seal if punctured, there are clearly limitations in the
size of puncture that could self seal in the field.

Desiccation. Concern has been expressed that the bentonite component of a GCL may
swell when hydrated but may later dry out, shrink, crack, and lose its impermeability. Shan and
Daniel (1991) investigated the healing capability of one geotextile-encased, adhesive-bonded
GCL that was subject to wet-dry cycles. Samples of the GCL were permeated in a flexible-wall
penneameter, removed from the permeameter, and allowed to air dry with a small vertical stress
applied to the specimens. All specimens exhibited severe cracking upon drying. The specimens
were then set back up in a flexible-wall permeameter, slowly rehydrated, and then repenneated.
There was no change in hydraulic conductivity from the initial value of 2 x 10'9 cm/s, even after
three wet/dry cycles. These tests reinforce the fully reversible shrink/swell nature of bentonite
and suggest that any desiccation cracks will self-heal when the bentonite is hydrated.
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In research recently completed at the University of Texas (Boardman, 1993), large
samples of GCLs (with and without overlaps) were buried under 2 ft of gravel and subjected to a
wet-dry cycle that simulates severe conditions that might occur in a final cover for a landfill.
The GCLs were set up in the tanks, hydrated with water until a steady hydraulic conductivity was
measured, and then severely desiccated by draining away the water on top of the GCL and
circulating heated air into the gravel that was placed over the GCL. The heated air caused severe
desiccation cracking in the GCLs. However, when the GCLs were rehydrated, the bentonite
quickly swelled and the hydraulic conductivity eventually returned to the original, extremely low
value. Thus, it appears from the available data that GCLs have an excellent capacity to self seal
from desiccation-induced cracking. Geosynthetic clay liners probably possess much greater
ability to self seal than conventional compacted clay liners.

Freeze/Thaw. Compacted clay liners axe known to be vulnerable to damage from
freezing. When water in soil freezes, the water expands, and when the water thaws, the water
contracts. This expansion and contraction causes small cracks to appear in the soil and causes
other alterations in the soil structure that tend to increase hydraulic conductivity.

Shan and Daniel (1991) subjected a geotextile-encased, adhesive-bonded GCL to
freeze/thaw. A test specimen was set up in a flexible-wall permeameter, hydrated with water,
and permeated until a steady hydraulic conductivity was obtained Then the specimen was
removed from the flexible-wall permeameter and subjected to five freeze/thaw cycles at constant
water content. The specimen was repermeated, and it was found that the hydraulic conductivity
did not change. Similar results have been obtained by commercial testing laboratories for other
GCL products. Available data indicate that the high shrink-swell capability of bentonite gives
bentonite the ability to self-heal if any alteration occurs from freeze/thaw cycles. Geosynthetic
clay liners appear to have a much better capacity to remain undamaged after freeze-thaw than
conventional compacted clay liners.

PERFORMANCE ASSESSMENT

Many regulatory agencies have traditionally required a low-permeability, compacted clay
liner (or the equivalent) as the primary hydraulic barrier within landfill covers. The thickness of
a compacted clay liner typically ranges from 1 to 2 ft (occasionally up to 3 to 4 ft), and the
maximum allowable hydraulic conductivity is typically 10~7 cm/s. If one wishes to substitute a
GCL for a compacted day liner, one must usually demonstrate that the GCL will be equivalent in
terms of meeting performance objectives. Neither federal nor state regulations mention the
criteria by which equivalency should be evaluated. At the present time equivalency must be
evaluated on a case-by-case basis using criteria that are not very well defined. The lack of
accepted criteria is perhaps the single greatest problem that the landfill designer and owner face
in seeking regulatory approval for substitution of a GCL for a compacted clay liner.

One should not really think of a geosynthetic clay liner as being equivalent to a
compacted clay liner. Indeed, a l/4-in.-thick layer of bentonite could not possibly be equivalent
to a much thicker layer of compacted clay in all respects. The critical issue is whether
substitution of an alternative material such as a GCL for the more traditional compacted clay
liner in a landfill cover will meet or exceed the performance objectives of the compacted clay
liner. If the GCL will meet or exceed the performance objectives, then it should be considered
that equivalency has been established.
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Differences Between CCLs and GCLs

Some of the differences between compacted clay liners and geosynthetic clay liners are
listed in Table 1.

Table 1 • Differences Between GCLs and Compacted day Liners.

Characteristic

Materials

Thickness

Hydraulic Conductivity

Speed and Ease of
Construction

Ease of Quality Assurance
(QA)

Vulnerability to Damage
During Construction as a
Result of Desiccation

Availability of Materials

Cost

Experience

Geosynthetic Clay Liner

Bentonite, Adhesives,
Geotextiles, and
Geomembranes

Approximately 1/2 inch

SltoSxlO^cm/s

Rapid, S'mplp Installation

Relatively Simple, Straight-
Forward, Common-Sense
Procedures

GCLs Are Essentially Dry;
GCLs Cannot Desiccate
during Construction

Materials Easily Shipped to
Any Site

Typically $0 JO to $0.60 per
Square Foot for a Large Site

Limited Due to Newness

Compacted Clay Liner

Native Soils or Blend of Soil
and Bentonite

Typically 1 to 2 ft

£ 1 x 10-' cm/s

Slow, Complicated
Construction

Complex QA Procedures
Requiring Highly Skilled and
Knowledgeable People

Compacted Clay Liners Are
Nearly Saturated; Can
Desiccate during Construction

Snimble Materials Not
Available at AH Sites

Highly Variable — Estimated
Range: $0.50 to $5.00 per
Square Foot

Has Been Used for Many
Years

Some of the potentially important (depending upon specific application) relative
advantages of CCLs and GCLs may be siimmarirf-H as follows:

Key advantages of compacted clay liners (CCLs):

• Many regulatory agencies require CCLs — use of another type of liner may
require time-consuming demonstration of equivalency to a CCL;
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• A COL is a logical choice if large quantities of suitable clay are available locally,

• The large thickness of CCLs makes them virtually puncture proof;

• The large thickness of CCLs and the fact that they are constructed of multiple
layers makes them relatively insensitive to small imperfections in any one layer;

• There is a long history of use of CCLs;

• Quality assurance procedures are reasonably well established for CCLs.

• Key advantages of geosynthetic clay liners (GCLs):

• Small thickness of GCLs leads to low consumption of landfill space;

• Construction of GCLs is rapid and simple;

^ GCLs can be shipped to any location — their use is not dependent upon local
availability Of materials;

• Heavy equipment is not needed to install a GCL, which is very helpful for final
covers underlain by compressible waste (where compaction with heavy equipment
is difficult);

• Installation of a GCL requires less vehicular traffic and less energy use than
placement and compaction of a CCL — this also leads to less air pollution with a
GCL;

• Some inclement weather delays (e.g.. freezing temperatures) that stop
construction of CCLs are not a problem with GCLs;

• Construction water is not needed with a GCL, which can be critical in arid areas
where water resources are scarce;

• Because a GCL is a manufactured material, a consistent and uniform material can
be produced;

• Because GCLs are manufactured materials, specialized performance properties
can be determined and need not be repeatedly re-determined;

• GCLs can accommodate large differential settlement;

• Quality assurance is simpler for a GCL compared to a CCL;

• GCLs are more easily repaired than CCLs;

• GCLs can probably better withstand freeze/thaw and wet/dry cycles than CCLs;

• GCLs are not vulnerable to desiccation damage during construction.

Criteria for Performance Assessment and Equivalency Analysis

Three broad issues may be addressed when one considers the equivalency of a GCL to a
CCL:
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1. Hydraulic issues;

2. Physical/mechanical issues;

3. Construction issues.

The specific technical issues that might have to be. addressed for a particular site are listed in
Table 2. For completeness, the issues are identified for both bottom liners and final covers.
Only final covers are considered in the succeeding discussion.

Table 2 - Potential Equivalency Issues.

.- Possibly Relevant fop
Category

Hydraulic
Issues

* '

Physical/
Mechanical
Issues

-
Construction
Issues

Criterion for Evaluation

Steady Flux of Water
Steady Solute Flux
Chemical Adsorption Capacity
Breakout Time:

-Water
-Solute

Production of Consolidation
Water

Permeability to Gas

Frceze-Thaw
Wet-Dry
Total Settlement
Differential Settlement
Slope Stability
Erosion
Bearing Capacity

Puncture Resistance
Subgrade Condition
Ease of Placement
Speed of Construction
Availability of Materials
Requirements for Water
Air Pollution Effects
Weather Constraints
Quality Assurance

kiners

X
X
X

X
X
X

, . . ...
-X

xi
X2
X2
X3

X

X
X
X
X
X
X
X
X
X

Covers

X

X

X

X

X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X

1 Relevant only until liner is covered sufficiently to prevent freezing
^Settlement of liners usually of concern only in certain circumstances, e.g., vertical expansions
Stability of liner may not be relevant after filling, if no permanent slope remains
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Hydraulic Issues. Hydraulic issues are the easiest to quantify. The criteria, which are
discussed separately, include steady water flux, time to initiate release of water from the base of
the liner ("breakout time"), production of consolidation water, and air permeability.

1. Steady Flux of Water

Water flux is defined as the volume of flow across a unit area in a unit time. For a barrier
in a final cover system, water flux is equal to the rate of percolation of water through the barrier
layer.

Water flux is usually analyzed based on the long-term, steady state water flux. The flux
of water (v) through an individual layer of porous material is defined from Darcy's law as:

(1)

where k is the hydraulic conductivity, H is the depth of liquid ponded on the liner, and T is the
thickness of the liner. The water pressure on the base of the liner is assumed to be atmospheric
pressure in Eq. 1.

Equation 1 is applicable only for flow through the bentonite component of a GCL; if the
GCL contains a geomembrane, water flux will be controlled by water vapor diffusion through the
geomembrane component. The geomembrane component, if present, should be considered in the
equivalency analysis and in computation of water flux. The simplest way to do this is to adjust
the hydraulic conductivity of the GCL to reflect the presence of a geomembrane. (Note: such a
simplification does not mimic reality because water flows through a geomembrane via diffusion,
and Darcy's law is not applicable to diffusion. Nevertheless, as a matter of computational
convenience, one may make estimates of water flux by using appropriate values of equivalent
< _ _ _ _ j _ _ _ < * _ j_ _^f *^_ \ • • «^ « «• f^f^n f^f^cw t' • _• -! ». __ •hydraulic conductivity.) Also, Eq. 1 applies to a CCL or GCL 1 ner alone and not to composite
liners involving one or more separate geomembrane components. Composite action with a
geomembrane is considered later.

The flux ratio for water, Fw, is defined as the flux through the GCL divided by the flux
through the compacted clay liner (CCL):

Fw - VCCL/VCCL (2)
on

If the flux ratio is £ 1, then the GCL is equivalent to the CCL in terms of steady water flux. For
example, for a situation with H = 1 ft (0 3 m) and a GCL with:

1 x 10-9 cm/s - 1 x 10-"m/s

TGCL - 7 mm = 0.007 m

and a compacted clay liner (CCL) with:

1 x 10-7 cm/s = 1 x 10"9 m/s
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TCCL = 2ft = 0.6m •
then Fw from Eqs 3 equals 0.3, which means that there would be less water percolation through
the GCL than a compacted clay liner — equivalency is established for these conditions.

Alternatively, one can assume that water flux through the GCL is equal to the water flux
through a CCL (Le., Fw = 1):

VGCL = VCCL (4)
and compute the required hydraulic conductivity of the GCL by substitution in Eq. 4:

K + TGCL
CL —

to obtain:

Equation 6 may be used to determined the hydraulic conductivity of the GCL necessary
to establish equivalency. So,long as the job specifications require that the actual hydraulic
conductivity be less than the value computed from Eq. 6, equivalency in terms of. steady water
flux is theoretically guaranteed. The required hydraulic conductivity of the compacted clay liner
OCCCL) is almost universally established as 1 x 10*7 cm/s by regulatory agencies in the U.S. The
thickness of GCLs (TcoJ varies from product to product, but is typically about 7 mm after
hydration at low overburden stress. The head of liquid on the barrier layer is expected to be low
in a final cover system; evapotranspiration and the nature of rainfall events makes the buildup of
head on the barrier layer much less likely in final covers than in landfill liners. For illustrative
purposes, three values of head of water (H) on the CCL or GCL are fl«iimffr 0, 1 inch, and 1
foot The required hydraulic conductivity of the GCL for equivalent performance to a compacted
clay liner in terms of steady flux of water through the liner is computed as follows:

For a 1-ft-thick compacted clay linen

= 1 x 10-7 cm/s for a negligibly small head of water on the liner

= 2 x 10-* cm/s for a water head of 1 inch on the liner

= 4 x lO^9 cm/s for a water head of 12 inches on the liner

For a 2-ft-thick compacted clay linen

= 1 x 10'7 cm/s for a negligibly small head of water on the liner

= 2 x 10~* cm/s for a water head of 1 inch on the liner

= 3 x 10"9 cm/s for a water head of 12 inches on the liner

As discussed earlier, the hydraulic conductivity of the bentonite component of
commercially-produced GCLs is typically £ 1 to 5 x 10-9 cm/s. Thus, it is clear that equivalency
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of a GCL to a CCL, in terms of the amount of water that passes through a GCL under conditions
of steady seepage, can be established for most, if not all, landfill covers.

A GCL can also be used in conjunction with a layer of compacted soil as shown in Fig.
4d. In such cases, the compacted soil will tend to be thinner or be of higher hydraulic
conductivity compared to the nqininnnm requirements for compacted clay liners usually
established by regulatory agencies. If the compacted soil liner were neither thinner nor more
permeable than required by regulation, there would be no motivation to use a GCL, other than to
provide redundancy.

By employing a GCL and a compacted soil liner (CSL) of hydraulic conductivity
which is greater than the usual requirement for a compacted clay liner, one may be able to
achieve an acceptable alternative to a conventional compacted clay liner. The equivalent
hydraulic conductivity (keq)of the composite GCL-CSL may be computed from the following
equation:

TQCL+ TCSL

For example, if compacted soil liner has kcsL = * * 10"6 CID^3 ^ TCSL = 1 ft, and the GCL is 7-
mm-thick with a hydraulic conductivity of 1 x 10*9 cm/s, then the equivalent hydraulic
conductivity (k^) is 4 x 10-in em/a, or roughly half the hydraulic conductivity of the GCL olono.
The idea of combining GCLs with native soils is very appealing not only based on theoretical
considerations but also because of the redundancy that the combination provides and the fact mat
a relatively low-permeability, native soil material is backing up the CCL. The situation depicted
in Figure 4d and described in this paragraph is presented primarily to illustrate the options
available to the designer in trying to meet regulatory agency concerns and yet use non-standard
materials or designs.

A composite liner consists of a geomembrane placed in contact with a low-permeability
soiL A geomembrane/GCL composite may be considered as an alternate to a geomembrane/CCL
composite. If so, flow through the composite should be analyzed. The rate of flow through a
flaw in a geomembrane in a composite liner depends on the size of the flaw, the hydraulic
conductivity of the underlying clay component, the hydraulic gradient across me clay
component, the hydraulic contact between the geomembrane and the clay component, and the
presence of a geomembrane within the GCL. No equations have been published for explicit
purpose of computing flow rates through a defect in a geomembrane component of a
geomembrane/GCL composite liner. The presence of a geotextile between the geomembrane
and bentonite may influence overall performance. This is a topic of current research. However,
it is likely that equivalency can be demonstrated with reasonable assurance for some or all GCLs
that are used with geomembranes to form composite liners.

2. Time to Initiate Discharge of Water from Base of Liner f "Breakout^ Time*^

Geosynthetic clay liners and compacted clay liners are initially unsaturated with water.
Geosynthetic clay liners contain essentially dry bentonite, but compacted clay liners are often
very close to saturation at the time of construction. When liquid first er.~rs the upper surface of
an unsaturated liner, no liquid discharges from the base of the liner until the liner absorbs enough
water to reach field capacity at the base.

A GCL might be compared to a CCL in terms of time to discharge of water from the
bottom of the liner on the assumption that Icachatc production would not begin until water is
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discharged from the base of the barrier layer. However, many people would consider the
"breakout tune" of water from the barrier layer to be essentially irrelevant because over the long
term, the time to initiate discharge of water from the barrier layer is not important Over the long
term, the flux of water through the barrier layer (which controls the amount of leachate
produced) is the important issue. As stated earlier, a liner with a hydraulic conductivity of 1 x
10*9 cm/s allows only about 0.01 inch of water to percolate through it per year under continuous
exposure to a water source and unit hydraulic gradient Again, for those GCLs that contain a
geomexnbrane, the presence of the geomembrane should be taken into account in evaluation of
breakout time.

The time to discharge water from the base of the liner is difficult to analyze in a simple
way. For CCLs, the time depends greatly upon the hydraulic conductivity, initial water content,
tendency to swell, and rate of water infiltration into the top of the liner. For GCLs, the time to
initiate discharge of water from the base is usually fairly short (a few weeks) if the liner is
continuously flooded with water or may be extremely long if water is slowly absorbed by the
bentonite. For GCLs that contain a geomembrane, the time may be much greater. A comparison
of time to initiate discharge of water from the base of the liner would have to be performed on a
site and product specific basis.

In general, it is not believed that breakout time should be an important issue in an
equivalency assessment Other factors seem far more important

3. Production of Consolidation Water

' "' Application of load to a compacted clay liner tends to squeeze water out of the clay. If
this were to occur in a cover, die water might eventually become leachate. Dry GCLs have no
capacity to produce consolidation water loading upon loading. In general, die GCL should be
viewed as superior to a CCL in terms of minimizing production of consolidation water.
However, because the applied loads in final covers are so small, the entire issue of production of
consolidation water is usually moot for final covers. This issue is far more important for clay
liners located above leak detection layers in bottom liner systems for landfills.

4. Air Permeability

The permeability of a barrier layer to gas may be very important if the barrier layer is
expected to restrict the movement of gas through the cover. For porous materials, the air
permeability is extremely sensitive to the water content of the soil Dry materials are highly
permeable to air, but water-saturated porous materials are practically impermeable to air.

v Compacted clay liners are compacted at a water content that is wet of optimum. Any air
present in the CCL tends to be present as isolated bubbles and not in continuous channels. Thus,
the air permeability of CCLs tends to be very low. The air permeability of GCLs depends
greatly on whether or not a geomembrane is present and how much moisture has been absorbed
by the bentonite. The air permeability is high for dry bentonite that is sandwiched between two
geotextiles. For GCLs that contain a geomembrane, the geomembrane dominates the material's
air permeability and gives it a very low permeability to air. Equivalency in terms of air
permeability probably can be demonstrated for GCLs that contain a geomembrane or for GCLs
that are sufficiently hydrated to attain a low permeability to air. The bentonite in the GCL can be
forced to hydrate quickly either by placing the GCL in contact with a moist soil or by applying
water to the overlying soil after the GCL is placed and covered. Laboratory tests indicate that
absorption of water by the bentonite occurs within a few weeks (Daniel et al., 1993) — the
hydration of the bentonite can be forced to occur if air permeability is a critical issue.
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Physical/Mechanical Issues

The physical/mechanical issues that might be considered in an equivalency analysis
include freeze/thaw effects, wet/dry effects, response to total settlement, response to differential
settlement, stability on slopes, vulnerability to erosion, and bearing capacity.

1. Freeze/Thaw Resistance

Compacted clay liners are known to be vulnerable to large increases in hydraulic
conductivity from freeze/thaw (e.g.. Kirn and Daniel, 1992, and the references therein), although
compacted soil-bcntonitc mixtures may not be as vulnerable to damage. As discussed earlier,
limited laboratory data indicate that GCLs do not undergo increases in hydraulic conductivity as
a result of freeze/thaw. Thus, from the available data, GCLs appear to be superior to CCLs in
terms of freeze/thaw resistance.

2. Wetfl>v Effects *

Wetting and drying of CCLs and GCLs can cause either type of clay liner to swell or
shrink. Tiie main concern with clay liners is that desiccation can lead to cracking and to an
increase in hydraulic conductivity.

As discussed earlier, available laboratory data indicate that desiccation of wet GCLs does
cause cracking, but rehydration of the GCL causes the bentonite to swell and the material to self
heal Thus, GCLs appear to be superior to CCLs in terms of ability to self-heal if the material is
wetted, dried, and then rewetted.

3. Response to Total Settlement

Total settlement refers to block-like settlement without significant bending or distortion.
It is believed that GCLs and CCLs would both respond similarly to total settlement and that
neither would be damaged if there is no bending or distortion.

4. Response to Differential Settlement

LaGatta (1992) studied the effects of differential settlement on the hydraulic conductivity
of GCLs. LaGatta placed a water-filled bladder in a "false bottom" located beneath the GCL.
The GCL was placed over the bladder and was then covered with 2 ft of gravel to simulate cover
material. The GCL was flooded with 1 ft of water, and water draining out the bottom of the
experimental apparatus was collected for 2 to 4 months, until the flow rate became steady. Then
the bladder was incrementally deflated to produce differential settlement. Boardman (1993)
performed similar tests but subjected dry (rather than hydrated) GCLs to differential settlement;
the GCLs were hydrated and permeated after the distoration took place in the dry material. The
extreme differential settlement caused by the deflated bladders did not produce large increases in
hydraulic conductivity for most of the GCLs tested.

Distortion is defined as the differential settlement. A, divided by the horizontal distance
over which that settlement occurs, L, as shown in Fig. 8. Distortion produces tension, which can
lead to cracking. It appears from LaGatta's and Boardman's tests that many GCLs can withstand
large distortion (A/L up to 0.5) and tensile strain (up to 10 to 15%) without undergoing
significant increases in hydraulic conductivity. This finding is in sharp contrast to the results for
compacted clay, which are summarized in Table 3 compiled by LaGatta (1992). Normal
compacted clay materials cannot withstand tensile strains greater than approximately 0.85%
without failing (cracking). Pure bentonite, on the other hand, is reported to have a tensile strain
at failure of 3.4%, but LaGatta measured much greater tensile strains without cracking in many
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CCLs, probably due to the beneficial reinforcing effects from the geotextiles or geoxnembrane in
the GCLs. In any case, the available data indicate that GCLs can withstand much greater tensile
deformation than normal compacted soils without cracking, which is a very favorable
characteristic for final covers. Geosynthetic clay liners are considered to be superior to
compacted clay liners in terms of resistance to damage from differential settlement

Area of Differential
Settlement Final Cover

HgureS. Definition of Distoration(A/L).

Table 3. Data on Tensile Strain at Failure for Compacted Clay (from LaGatta, 1992).

Tvpe or Source of Soil

Natural Clayey Soil

Bentonite

mite

Kaolinite

Portland Dam

Rector Creek Dam

Woodcrest Dam

Shell OH Dam

Willard Test Embankment

Water Content ( %> Plasticity Index (%} Failure TensileJstrain

19.9

101

3L5

37.6

16.3

19.8

10.2

11.2

16.4

7

487

34

38

8

16
*

Non-plastic

Non-plastic

11

0.80%

3.4%

' 0.84%

0.16%

0.14%

0.16%

0.18%

0.07%

0.20%
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5. Stability on Slopes

The shear strength of GCLs is very sensitive to the water content and type of GCL (Shan
and Daniel, 1991; and Daniel et aL, 1993). Water-saturated GCLs that contain unreinforced,
adhesive-bonded bcntonitc have angles of internal friction for consolidated-drained conditions of
approximately 10 degrees. Dry or damp materials are 2 to 3 times as strong as water-saturated
GCLs. Also, needle-punched and stitch-bonded GCLs tend to have higher strengths, at least in
the short term. The shear strength of CCLs varies widely, depending on materials, water content,
and compaction conditions.

In stability analyses, one often must consider not only internal shear failure but interfacial
shear with an adjacent layer, e.g., a geomembrane. No general statement can be made about
equivalency of a GCL to a CCL in terms of shear strength because the assessment depends on
specific materials, the degree to which the bemonite can wet, slope angle, and other site-specific
conditions.

6. Vulnerability to Erosion

Erosion resistance may be of concern in final covers if inadequate cover soil is present.
With a well-designed and properly maintained cover system, the barrier layer should never be
subjected to forces of erosion after the construction phase is over and equivalency should not be
an issue. In some cases, however, there may be insufficient cover soil to guarantee that the
barrier layer will not be exposed. Because of the presence of erosion-resistant geosynthetic
materials in GCLs, most GCLs can potentially be more resistant to erosion than CCLs.
However, if the clay liner is exposed to erosive forces, the bentonite may be washed put of some
GCL materials. Thus, equivalency depends upon the specific materials being considered. For
many sites, erosion will not be of any concern, e.g., for a GCL underlying a geomembrane or a
cover with adequate cover soil.

7. Bearing Capacity

A clay liner must have adequate bearing capacity to support loads, e.g., wheel loads from
construction or maintenance equipment The clay liner must not thin or pump clay into adjacent
layers under static or dynamic (e.g., traffic) loads.

Hydrated bentonite is not as strong as most materials used in constructing CCLs.
However, under most circumstances, both a GCL and a CCL will provide adequate foundation
bearing capacity, particularly if the GCL or CCL is buried under sufficient soil overburden.
Equivalency is heavily dependent upon site-specific conditions.

Construction Issues

The construction issues that might be considered in an equivalency analysis include
puncture resistance, effect of subgrade condition on constructability, ease of placement, speed of
construction, availability of materials, requirements for water, air pollution effects, weather
constraints, and quality assurance requirements.

1. Puncture Resistance

Geosynthetic clay liners are thin and, like all thin liner materials, are vulnerable to
damage from accidental puncture during or after construction. Thick CCLs cannot be
accidentally punctured. Some GCLs have the capability to self-seal around certain punctures,
e.g., penetration of the GCL with a sharp object such as a nail. The swelling capacity of
bentonite gives GCLs this self-healing capability. Of greater concern than penetration of the
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GCL by an object after construction is accidental puncture during construction.- For example, if
the blade of a bulldozer accidentally punctures the GCL during spreading of cover material, the
GCL would probably not self seal at die puncture.

The puncture resistance of GCLs will generally not be equivalent to that of CCLs.
However, this does not mean that a GCL cannot meet or exceed the performance objectives of a
compacted clay liner. Quality assurance and quality control procedures can be established and
implemented to make the probability of puncture during construction extremely low. In final
covers, one or two accidental punctures would probably not have a major impact on the overall
performance of the barrier layer. In a bottom liner system subjected to a continuous head of
liquid, a different conclusion might be drawn about the significance of undetected and unrepaired
damage to a GCL from puncture. Ultimately, site-specific conditions and quality assurance
procedures will be critical in dealing with the issue of puncture and in establishing equivalency
of a GCL to a CCL for a particular project

2. Effect of Subgrade Condition

Compacted clay liners are constructed with heavy equipment If the subgrade is
compressible (e.g. solid waste), the GCL, which can be installed with lightweight equipment,
will be easier to construct On the other hand, stones and rocks can puncture a GCL but not a
CCL; if the subgrade contains stones or rocks, the integrity of the GCL may be compromised.
Also, in order for the overlapped seams in a GCL to self seal properly, the overlapped panels
must be placed on a reasonably smooth and even subgrade. Thus, equivalency of a GCL to a
CCL in terms of the effect of subgrade depends on the condition of the subgrade and will have to
be evaluated on a site-specific basis.

3. Ease of Placement or Construction

A GCL will generally be easier to place than a CCL, except under rainy conditions —
both GCLs and CCLs are difficult or impossible to construct in heavy rain. In general, GCLs are
superior to CCLs in terms of ease of placement or construction.

4. Speed of Constructipn

Geosynthetic clay liners can be placed much more quickly than CCLs. Geosynthetic clay
liners are superior to compacted clay liners in terms of speed of construction.

5. Availability of Materials

Suitable clays for construction of a CCL may or may not be available locally, depending
on the site. Because GCLs are a manufactured material, they are readily available and can be
shipped to a site quickly. The cost of shipment is usually not a large percentage of the total cost
of a GCL. Thus, GCLs will always be at least equivalent to CCLs in terms of availability of
materials and will be superior to CCLs at sites lacking local sources of suitable clay.

6. Requirements for Water

Construction water is necessary for many compacted clay soils, which must usually be
placed at a moisture content wet of optimum to achieve the desired low hydraulic conductivity.
The total amount of water required to moisten a clay liner can be very large. For example, if a 2-
ft-thick compacted clay liner were to be constructed over a 10-acre site, and the water content of
the soil had to be increased 5% to achieve the required moisture conditions, the total amount of
water used would be approximately 600,000 gal. In arid regions, this water may represent a
valuable resource, and in some remote locations, it may be very expensive to provide the water.
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Geosynthedc clay liners do not require construction water and are superior to CCLs in
this regard.

7. faff Pollution Effects

Air pollution is a subject of great concern in some areas. Construction of compacted day
liners tends to be an energy intensive activity with heavy equipment excavating the soil, hauling •
the soil, processing the soil, spreading the soil, and compacting the soil with repeated passes of
heavy compactors. All of this activity adds to air pollution in terms of hydrocarbon emissions
from the equipment and air-borne paniculate matter (dust). Geosynthetic clay liners are shipped
to the site, moved into position by machinery, and then unrolled (sometimes by hand).
Relatively speaking, the impacts to air quality are less with a GCL than a CCL.

8. Weather Constraints

Compacted clay liners are difficult to construct when soils are wet, heavy precipitation is
occurring, the weather is extremely dry (clay desiccates), the soil is frozen, or the temperature is
below freezing. Geosynthetic clay liners are difficult to construct during precipitation. Weather
constraints generally favor GCLs.

Some, if not all, GCLs must be covered before they hydrate. If a geomembrane will be
placed over the GCL, the GCL must be covered almost immediately with the geomembrane.
Additional weather constraints, e.g., wind speed, may apply to the geomembrane and, indirectly,
influence the GCL. The fact that many GCLs must be covered before they are hydrated can be a
significant weather constraint for GCLs. However, CCLs have weather constraints, too: CCLs
must not be allowed to freeze or desiccate, and wet weather often brings construction of
compacted clay liners to a halt GCLs cannot desiccate during construction because they are dry,
and dry GCLs are unaffected by freezing temperatures.

Equivalency in terms of weather constraints must be considered on a site-specific basis,
but weather constraints generally favor GCLs over CCLs.

9. Ease of Quality Assurance

The proper construction of a low-permeability, compacted clay liner is a very challenging
taylc, Careful control must exist over materials, moisture conditions, clod sire, maximum particle
size, surface pre >aration for a lift of soil, lift thickness, compaction coverage and energy, and
protection of eac i completed lift Comparatively, quality assurance (QA) requirements are much
less extensive for GCLs compared to CCLs, but no less cnticaL In general, while QA for a
compacted clay liner requires a number of relatively sophisticated tests and points of control by
very experienced and capable personnel, QA for GCLs is more nearly the application of common
sense. Far fewer things can go wrong with the installation of a GCL compared to placement and
compaction of a CCL. However, testing procedures and observational techniques are well
established for CCLs but are not for GCLs. Many people are working to establish testing
methods for GCLs. While it would appear that GCLs are superior to CCLs in terms of ease of
quality control, more work needs to be done to establish standard test methods for GCLs.

Summary of Equivalency Issues '

Table 4 summarizes the preceding discussion of equivalency. Equivalency can be
demonstrated genetically in many categories. In several areas, geosynthetic clay liners (GCLs)
are clearly superior to compacted clay liners. However, in one category, equivalency probably
cannot be demonstrated: thin GCLs do not have the same resistance to puncture as much thicker
compacted clay liners. Although thin GCLs can be punctured during construction, careful QA
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should be capable of addressing this potential problem. Further, for final covers, an occasional
small puncture may be of little consequence. Indeed, puncture is probably of much greater
concern for a bottom liner than a final cover. Also, if puncture is of concern, a layer of relatively
low permeability soil or waste material may be placed below the GCL to provide a back-up
should puncture occur at an isolated location. In any case, the GCL enjoys several important
advantages over a compacted clay liner which may more man offset greater vulnerability to
puncture. '

' As suggested by Table 4, many equivalency issues depend on the GCL product and the
particular conditions unique to a given site. Equivalency will have to be evaluated on a case-by-
case basis. The most important site-specific issues are likely to be permeability to gas and slope
stability. It may be difficult to provide adequate factors of safety against slope failure on
relatively steeply sloping final covers that contain GCLs, but designers have a variety of
reinforcement niatmak (such as geogrids) available for use, if necessary.

/"""v

Table 4 - Potential Equivalency Issues.

Category Criterion for Evaluation

Eomvalencv of GCL to CCL

GCL Is GCL Is
Probably Probably
Superior Equivalent

Hydraulic Steady Flux of Water
Issues Breakout Time of Water

Production of X
Consolidation Water

Permeability to Gas

Physical/ Freeze-Thaw X
Mechanical Wet-Dry X
Issues Total Settlement

Differential Settlement X
Slope Stability
Erosion .
Bearing Capacity

Construction Puncture Resistance
Issues Subgrade Condition

Ease of Placement X
Speed of Construction X
Availability of Materials X
Requirements for Water X
Air Pollution Effects X
Weather Constraints
Ease of Quality Assurance X

GCL Is
Probably Equivalency
Not Depends on
Equivalent • Site or Product

X

X

X
X
X

X
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CONCLUSIONS

In this paper the characteristics of geosynthetic clay liners (GCLs) have been described
and potential applications of GCLs in final covers for landfills have been discussed. Current
regulations typically require that a final cover contain a compacted clay liner (CCL) with a
thickness of 1 to 2 ft and a maximum hydraulic conductivity of 1 x l(h7 cm/s. The issue is
whether it is sensible to replace all or pan of the compacted day liner with a GCL in final covers
at some landfill sites.

There are several advantages of GCLs over CCLs, including better resistance to freeze-
thaw, better self healing characteristics in wet-dry conditions, less vulnerability to damage from
differential settlement, less consumption of landfill space, easier placement, faster placement,
lack of need for local clay materials, less requirement for construction water (relevant for arid
areas), and easier quality assurance. Geosynthenc clay liners will probably cost less than
compacted clay liners for many, and perhaps most, sites. The major draw-backs of GCLs are
greater vulnerability to damage from puncture, concern over shear strength on slopes, high
permeability of dry bentonite to landfill gas if the GCL remains dry (e.g., in an extremely arid
location), and lack of explicit endorsement of GCLs by regulatory agencies.

A framework has been established in this paper for evaluating whether or not a GCL can
meet the same performance objectives as a compacted clay liner used in a landfill cover. Three
main criteria were established: hydraulic performance, physical and mechanical performance,
and construction issues (including quality assurance). For landfill covers, geosynthenc clay
liners can be shown to provide equivalent or superior performance to compacted clay liners in
many respects. However, some performance considerations (e.g., slope stability) depend on site
and product specific considerations. Thus, no generic conclusion can be reached about
equivalency of a GCL to a CCL at all sites — an equivalency assessment is needed on a project-
specific basis. It is expected that GCLs can be shown to provide superior or equivalent
performance at many landfill sites.

Although GCLs are not without limitations, their favorable properties are sufficiently
advantageous that landfill owners, designers, and regulatory officials should give serious
consideration to expanded use of GCLs in landfill covers. There is a need to reach agreement
about the criteria upon which GCLs will be evaluated, and it is hoped that this paper will help to
initiate a dialogue that will ultimately lead to establishment of appropriate criteria.
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ABSTRACT

Since their introduction as barrier materials in waste containment systems in 1986,
geosynthetic clay liners (GCLs) have been installed in a variety of applications. Perhaps the
major applications have been as leachate containment barriers beneath landfills and surface
impoundments, and as infiltration water barriers in landfill covers. When one considers that the
traditional barrier material in these applications is a compacted clay liner (CCL), it is only
logical that the two materials should be compared and contrasted to one another in such a way
so as to assess technical equivalency. This paper provides the salient features for providing
such an assessment It is primarily based on technical issues and results in a framework that
can possibly be used for assessment of both liner and cover barrier materials.

In this assessment it is seen that other than issues of puncture resistance and product
,~- thinning due to abutting objects and uneven subgrades (both of which can be avoided by
jp v. ~ proper CQC/CQA procedures), GCLs can generally be used on an equivalent basis as CCLs.

However, site specific conditions like long term slope stability may provide unique situations
calling, for specific products or alternate designs.

Needed to further this assessment of GCLs to CCLs is a continued dialogue with respect
to technical issues, close monitoring of GCL installations, and involvement of regulatory

I?* agencies in the decision making process.

INTRODUCTION AND SCOPE

t -
The traditional hydraulic barner material used to contain solids and liquids in a variety of

applications is clearly one made from natural soils, typically clays. Such clay barriers can occur
.A via-a natural clay stratum, a compacted soil liner or an amended clay liner. These natural soil
^f materials will be called by. the collective term of "compacted clay liners", or "CCLs",.in this

paper.

jl Clearly, CCLs are the basic material required by regulatory agencies in the containment
of solid waste. Arecent study for municipal solid waste linersystems has shown the following,
Fahim-and Koemer (1993):

*• • CCLs are used as a single liner beneath waste in 19 states
• CCLs are used as a composite liner beneath a geomembrane in 20 states

TJM • CCLs are used as a single cover in 36 states
y^ • CCLs are used as a composite cover beneath a geomembrane in 6 states

mf The minimum U. S. EPA requirements are generally for the CCL to be from 300 to 900 mm thick
IL with a maximum hydraulic conductivity of 1 * 1CK7 cm/sec in the-linerand 1 x 10-5 cm/sec in
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1
the cover. Note, however, that current municipal solid waste regulations (Subtitle "D") call for
a geomembrane to be placed above the CCL in both situations of a liner beneath the waste •
and a cover above the waste. ^ |

A tremendous data base is available on CCLs for waste containment applications. This
is evidenced by major-research efforts, U.S. EPA SW-869 (1983), Goldman, et. aL (1988) and
Daniel, (1987), development of specialized laboratory test equipment, U.S. EPA (1986), ^
development of unique construction procedures and equipment, Rogowslti, (1990) and an
entire CQC/CQA monitoring protocol, Daniel and Koerner (1993). Thus any new liner material I
intended to challenge the status of CCLs must necessarily be compared and contrasted to the I
existing situation.

One such competing material that might be considered for a single liner (not a |
composite) replacement of a CCL is a geomembrane (GM). Indeed, 8 states have selected this
option for liners beneath the waste and 17 have for covers above the waste. Both strategies, _
however, do not meet the minimum technology guidance of U.S. EPA regulations which, as I
mentioned previously, require composite GM/CCL systems. For this paper it will be assumed
that the GM (if used at all) will be used in a complimentary manner to the underlying clay liner
as a composite liner. . f

A second, and more recent, competing material to a CCL is a geosynthetic clay liner, or ^
GCL. Geosynthetic clay liners are defined in ASTMD4439 as follows: |

"Geosynthetic clay liners are factory manufactured hydraulic barriers typically
consisting of bentonite clay or other very lower permeability material, supported by geotextilcs m

' and/or geomembranes, which are held together by needling, stitching, or chemical adhcsivcs." |

Bentonite panels (the forerunner to GCLs) were first manufactured hi the early 1980's «
and were initially used for foundation waterproofing and for sealing water retention structures. 1
The panels were subsequently modified to be flexible rolls incorporating either geotextiles or
geomembranes, i.e., GCLs, and were first used for landfill liners in 1986. Since then, GCLs have
been used for a variety of lining applications and final cover systems for municipal and •
hazardous solid wastes. '

The realization that GCLs are new, however, is evidenced by the survey mentioned "
earlier, Fahim and Koemer (1993), where no Federal regulations and only two State regulations ^
even mention GCLs as a possible replacement of. or augmentation to, CCLs. In Colorado,
GCLs are possible to use in the liner system and in Michigan in the cover system. •

Interestingly, replacement of any natural material with a synthetic alternative (via
technical equivalency) is usually a possibility. If one wishes to substitute a GCL for a CCL. .
one must demonstrate that the GCL will be equivalent in terms of meeting performance I
objectives. However; neither Federal nor State regulations mention the criteria by which
equivalency should be evaluated. At the present time equivalency must be evaluated on a
case-by-case basis using criteria that have not yet been defined. The lack of equivalency I
accepted criteria is perhaps the single greatest problem that the designer and/or owner of a *
waste facility face in seeking regulatory approval for substitution of a CCL by a GCL. '

Importantly, one should not think of a GCL. as being totally equivalent to a CCL. I
Indeed, there is no possibility that a 10 mm thick layer of bentonite could possibly be
equivalent to a 300 to 900 mm thick layer of compacted clay in all respects. The critical issue is •
whether substituting an alternative material such as a GCL for the more traditional CCL will {
meet or exceed the performance objectives of the site specific situation. If the GCL will meet
or exceed the performance objectives, then it should be considered that equivalency has been (
established.

f
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This paper is intended to establish a framework for assessing such equivalency for waste
containment liners and covers. In so doing, many generalities must be taken since no two site
performance objectives, or set of demands, are identical. Even further (and with respect to
solid waste landfills), liner systems beneath the waste will have very different objectives than
covers above the waste. With these concepts in mind, and for the purposes of this paper, GCLs
will be contrasted to CCLs in both liners and covers from a generic and widely encompassing
perspective.

OVERVIEW OF GCLs

Since compacted clay liners (CCLs) are historically known, clearly established and well
documented, e.g., U.S. EPASW-869 (1983), Goldman, et al. (1988), and Daniel (1987), we will
only focus on a description of geosynthetic clay liners (GCLs). The description will be brief,
however, since more complete descriptions are available in the open literature, Daniel and
Boardman (1993) and Estornell and Daniel (1992), and can be regularly updated from
manufacturers of the various GCL products.

The essence of a GCL, of course, is the layer of bentonite which is held between or on
carrier layers of geotextiles or a geomembrane. Bentonite is a unique clay mineral with very
high swelling potential and water absorption capacity. When wetted, bentonite is the least
permeable of all naturally occurring, soil-like minerals. Bentonite is a chemically stable mineral
that has undergone complete weathering and will last, in effect, forever.

GCLs are manufactured by placing powdered or granulated bentonite (with or without
an adhesive mixed into the bentonite) on a geotextile or geomembrane substrate. The
bentonite layer is typically 7 to 10 mm thick and is placed at a unit weight of approximately 5.0
kg/m2. Those GCLs with a geotextile substrate (4 of the 5 available types) have covering
geotextiles as well, see Figure l(a). The product (with or without adhesives) is often stitch
bonded as in Rgure l(b),or needle punched as in Figure l(c), thereby gaining considerable
structural integrity. For one GCL. the substrate is a geomembrane where an adhesive mixed'
with the bentonite results in the final product, see Figure l(d).

One particular style of each of the commercially available GCL products is shown in the
upper photograph of Figure 2. This photograph shows the products stacked upon each other
in dry (lower) and hydrated (upper) pairs. The lower photograph shows greater detail of one
of the products in the hydrated (left) and dry (right) states.

As one can surmise from these photographs, there exists very real differences between
GCLs and a 300 to 900 mmthick layer o£clay soiL In addition to the obvious thickness issue.
Table 1 counterpoints many of the relevant features. Daniel (1993) further elaborates on these
differing features.
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Lower Geotextile

(a) Adhesive Bound day to Upper and Lower Geotextiles
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Stitch Bonded
in Rows

Lower Geotextile

(b) Stitch Bonded day Between Upper and Lower Geotextfles
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Needle Punched
Fibers Throughout

Lower Geotextfle

(c) Needle Punched day Through Upper and Lower Geotextfles

Lower or Upper
Geomembrane

(d) Adhesive Bound day to a Geomembrane

Figure 1 - Cross section sketches of cuntndy available geosyntheric clay liners (GCLs).
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(a) Different Products in Dry versus Hydrated Conditions
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(b) A GCL Hydrated (Left) vs. Dry (Right)

Figure 2. Commercially Available Geosynthctic Clay Liners (GCLs)
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Characteristic

Materials

Thickness

Table 1. Some selected differences between GCLs and CCLs

Geosyndieric clay liner

Bentonite, adhesives,
geotextiles, and
geomembranes

Compacted clay liner

soils and bentonite

lypically 300 to 900 mm"Typically 7 to 10 mm
(when hydrated)

Hydraub'c conductivity

Slow, complicated

Need for MQC and MQA Factory manufacturing
requires constant monitoring

. X1

Status ofCQCandCQA Relatively simple, straight-
forward, common-sense
procedures

GCLs cannot desiccate
during construction
unless prematurely hydrated

Naturally found materials or
mineral layers requiring no
monitoring

Complex procedures
requiring highly -skilled and
knowledgeable people

CCLs are nearly saturated;
can desiccate during

Materials readily shipped Varies widely from readily
available to not available

Installed Cost Typically $6.00 to $8.00 per
cntio~ ~•-»— *—— - »—— - •- Highly variable - estimated_____ •»>• <»•» — — - -

„ —-- ~ ~-.ww>Ksquare meter for a large site ^ ___ ___ _, ___ W%» M*« •UtWU

range: $6.00 to $30.00 per

Experience Limited due to newness Has been used for manyj——i— —-?-•and nonfamiliarity _ ——— — —— ••«•• •*•*&•« T

decades with great confidence
__ _ t; • -

— ...... ̂ .̂

as a liner material
Note:
MQC = manufacturing quality control '-
MQA = manufacuring quality assurance
CQC = construction quality control
CQA = construcrion quality assurance

TECHNICAL EQUIVALENCY ISSUES

In this section as many issues as felt to be typically encountered in comparing GCLs to
CCLs are presented. They are arranged in three somewhat arbitrary categories (hydraulic,
physical/mechanical and construction) and are listed for liners as well as covers. Each of the
issues in Table 2 will be discussed individually in the text to follow.



Table 2. Technical equivalency categories and specific issues to be addressed.

m
m

Category
Hydraulic
Issues

.

Physical/
Mechanical
Issues x

Construction
Issues

•

Criterion for evaluation

Steady flux, of water
Steady solute flux
Chemical adsorption capacity
B,reakout time:
-Water
- Solute

Horiz. flow in seams nr lifts
Horiz. flow beneath geomembranes
Generation of consolidation water
Permeability to gases

Freeze-thaw behavior
Wet-dry behavior
Total settlement response
Differential settlement response
Slope stability considerations

• \falnerability to erosion
Bearing capacity (squeezing)

Puncture resistance and resealing
Subgrade condition considerations
Ease of placement or construction
Speed of construction
Availability of materials
Requirements for water
Air pollution concerns
Weather constraints
Quality assurance considerations

Possibly relevant for
Liners Covers

X
X
X
X
X
X
X
X

X'

X2
X2

X

X

X
X
X
X
X
X
X
X
X

X

X

X
X
X
X

X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X

notes:
Relevant only until liner is covered sufficiently to prevent freezing
Settlement of liners usually of concern only in certain circumstances, e.g., vertical or lateral
expansions

HYDRAULIC ISSUES .

The essence of any barrier material is its ability to contain the targeted liquids. The usual
liquids are leachate, Le., the solute, for liner systems beneath the waste and water for the cover
system above the waste.

Steady Flux of Water. Water flux is defined as the volume of water flowing across a unit area
in a unit time. The steady downward flux of water (v) through an individual layer of porous
material with zero water pressure at the base of the layer is defined from Darcy's law as:

. H + T (1)

where k is the hydraulic conductivity, H is the depth of liquid ponded on the layer, and Tis the
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thickness of the layer. ...
Equation 1 is applicable only for flow through the bentonite component of a GCL; if the

GCL contains i geomembrane, water flux will be controlled by water vapor diffusion through
the geomembrane component. The geomembrane component, if present, should be included in
the equivalency analysis, e.g., by using appropriate water vapor transmission rates. Also, Eq. 1
applies to a CCL or GCL liner alone and not to composite liners. Composite action with a
geomembrane is considered later.

*

In order to estimate the required hydraulic conductivity of the GO- for equivalency
assessment, assume that the water flux through the GCL is equal to the water flux through the
CCL: _

VGCL = VCCL (2)
on

T—
CCLk = k_"GO. TGCL "co. TCCL

If the hydraulic conductivity and thickness of the compacted clay liner are known, and the
thickness of the GCL is known,, the required hydraulic conductivity of the GCL to ensure
equivalent performance in terms of steady flux of water is:

(4)

The required hydraulic conductivity of the compacted clay liner (!CCCL) k usually 1 x 10~7 cm/s.
The thickness of GCLs (Too) varies from product to product, but is typically about 7 mm after
hydration at low overburden stress. The head of water (H)on the CCL or GCL is assumed to
be 300 mm for purposes of illustration. The required hydraulic conductivity of the GCL, based
on Eq. 4 and these conditions, is therefore:

--• For equivalence to a 300-mm-thick compacted clay liner.
(kGaJRequned = 4-°" x 10"9 cm/SCC

• For equivalence to. a 600-mm-thick compacted clay linen
= 3.4x10-9 cm/sec •

As see in Table 1, the hydraulic conductivity of the bentonite component of
commercially-produced GCLs is typically £ 1 to 5 * 10~9 cm/s. Thus, it is seen that equivalency
of a GCL to a CCL, in terms of the "steady water flux, can be established for most, if not alt
GCLs in their manufactured condition. i

Steady Solute Flux. Long-term, steady flux of solute hi leachate may be analyzed on the basis
of advection alone, diffusion alone, or advection plus diffusion. It is assumed that the
concentration of a solute of concern in the leachate remains constant. Regarding advection,
the advective mass flux, vmjA, is:

C5)

where Cicada^ is the concentration of the solute of interest in the leachate and, as before, v is
the water flux. The advective mass flux -ratio, Fm>A, is defined as the mass flux of solute
through a GCL divided by the mass flux of solute through a CCL:
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Thus, the ratio of solute flux is the same as the ratio of water flux. Therefore, if one has
demonstrated equivalency in terms of steady water flux, one has necessarily also demonstrated
equivalency in terms of steady mass flux of solute.

Chemicals can also migrate through liners via diffusion. Two cases are considered:

1. Single Liner or Bottom Liner in Double Liner System'. Theoretically, steady-state
diffusion is never reached with a clay liner resting on native soil, unless there is a
boundary condition, e.g., water table with uncontaminated water at a shallow depth
below the liner. Conditions at a particular site must be considered in order to determine
the pattern of diffusion through a liner resting on native soil. However, in nearly all
cases essentially equivalent performance is anticipated from a GCL if the native soils are
included in the assessment, as they should be.

2. Upper Liner in Double Liner System. Over time, the solute of interest in the leachate wfll
diffuse to the base of the upper liner and into the underlying leak detection layer. The
concentration at the base of the liner will eventually equal the concentration on top of
the liner. Thus, the diffusion-driving concentration gradient will become zero and
diffusive transport will cease. The issue of steady diffusion through an upper liner in a
double liner system is moot.

Solutes can also migrate through soil liners by advection plus diffusion. However, since
advective and diffusive mass fluxes are additive, and since the advective mass flux dominates,
demonstration of equivalency in terms of water flux will generally ensure equivalency in terms
of total mass flux.

Chemical Adsorption Capacity. Regulations generally have no specific adsorption:^_ requirements. Adsorption of organics tends to be different from adsorption of inorganics.
'•jgf Adsorption of inorganics is controlled by cation exchange reactions and geochemical
•^^ processes such as precipitation. Adsorption of organic solutes is generally assumed to be

controlled by the amount of organic carbon in the soil and a partition coefficient for the solute
(which is characterized by the octanol-water partition coefficient or water solubility of the
organic species).

For inorganics, the maximum adsorbed mass per unit cross-sectional area of liner (M)
resulting from cation exchange processes may be defined as follows:

M = CpdT (8)

where C is the cation adsorption capacity (maximum mass of solute sorbed per unit mass of dry
i soil), pd is the dry mass density of the soil, and T is the thickness of the liner. The ratio of
f j thickness of a typical GCL to a CCL is small (on the order of 0.01). Thus, in order for a GCL to



have equivalent cation adsorption capacity, the adsorption coefficient of the GCL would have
to be; at least 100 times that of the CCL.

The cation exchange capacity of bentonite clay is typically on the order of 100 to 150
meq/lOOg. Natural soil materials used to construct CCLs have typical CECs in the range of 3
to 30 meq/lOOg. The ratio of cation adsorption capacities, denoted F^^is:

(9)

For the typical range of values, FCEC would be expected to be in the range of 0.03 to 0.75. It
appears unlikely, that equivalency can be demonstrated for cation adsorption capacity using
the expressions just presented. However; cation exchange is just one of several processes that
can affect adsorption. Precipitation of inorganic solutes can .be a far more important
mechanism than cation exchange, and pHis often a dominant variable controlling precipitation
processes in many geochemical environments. Thus, site-specific factors, and not just simple
comparisons of CECs and relative soil masses, will often need to be considered when relative
adsorption-capacities are compared.

Non-polar organic solutes are sprbed by carbon present in the soiL The carbon content
of bentonite in.GCLs is-capable of estimation, but CCLs will be highly variable in their organic
carbon content Although site-specific assessments would be required (due to variability of
CCLs), equivalency, of a GCL to a CCL probably cannot be demonstrated in terms of capacity
to adsorb non-polar constituents in leachate because the mass of bentonite present in a GCL is
far less than the mass of soil present in a CCL.

• Adsorption., however, is only relevant in the short term. When steady state mass
transport is reached, adsorption capacity is exhausted. Equivalency in terms of adsorption, if
evaluated at all, shoufd be evaluated in terms of a specified performance period

Breakout Time of Water or Solute. Neither GCLs,nor CCLs, are initially saturated with water.
GCLs contain essentially dry bentonite, but CCLs are often close to being saturated at the time
of construction. When liquid first enters the upper surface of an unsaturated liner, no liquid
discharges from the base of the liner until the liner absorbs enough water to reach field
capacity at the base of the liner.

The time tcr discharge water from the base of the liner is difficult to analyze in a simple
way. For CCLs, the time depends greatly upon the hydraulic conductivity, initial water -
content, tendency to swell, and rate of water infiltration into the top of the liner. For GCLs, the
time to initiate discharge of water from the base is usually fairly short (a few weeks) if the liner
is continuously flooded with solute or may be extremely long if solute is slowly absorbed by
the bentonite. For GCLs that contain a geomembrane, the time may be much greater. A
comparison of time to initiate .discharge of solute from the base of the liner would have to be
performed on a site and product specific basis.

Regarding a landfill cover, a GCL might be compared to a CCL in terms of the time to
discharge water from its base on the assumption that leachate production within the
underlying waste would not begin until water is discharged from the base of the barrier layer.
However, many would consider the "breakout time" of water from the barrier layer to be
essentially irrelevant because over the long term, the time to initiate discharge water from the
barrier layer is not important Over the long term, the flux of water through the barrier layer is
the important issue. A liner with a hydraulic conductivity of 1 x 10~9 cm/sallows only about
0.25 mm(0.01 inch) of water to flow through it per year under continuous exposure to a water
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source and unit hydraulic gradient. For those GCLs that .contain a geomembranc. the presence
of the geomembrane should be taken into account in the evaluation of breakout time.

In general, it is not believed that breakout time should be an important issue in an
equivalency assessment. Other factors seem far more important,

in Seams or Lifts. The liquid flow just described is considered to be, and is
laboratory measured as, the vertical flow through the clay matrix. Concerns are raised as to
horizontal flow which might be more rapid and tend to increase the water or solute flux over a
large area. For GCLs, the concern is clearly in the overlap seam area. Yet, large scale
experiments tend to substantiate manufacturers recommendations that the overlap areas either
self-seal or, by adding bentonxte, co-mingle with die abutting geotextiles to form an adequate
seal, LaGatta, (1992). For CCLs, the concern is between individual lifts with inadequate
bonding from one surface to the next, Rogowski (1990). This issue, as with the GCLs, is
clearly related to CQC/CQA monitoring which will be discussed later. If properly constructed,
neither material should be a major concern with respect to horizontal liquid flow.

Horizontal Flow Beneath Geomembranes. When used as the lower component of a composite
liner, both GCLs and CCLs must achieve "intimate contact" with the overlying geomembrane.
The reason being that liquid -(water or solute) passing through a hole in the geomembrane
should not be able to spread horizontally attacking the underlying clay over an enlarged area.

Using a radial transmissivity device, laboratory test results on five different GCLs placed
beneath a geomembrane with a small centrally located hole has been reported by Harpur, et al.
(1993). Transmissivity test results at two different normal stresses were evaluated, see Table 3.

Table 3. Apparent transmissivities of various GM/GCL combinations compared to theoretical
GM/CCLs.

day Type
Beneath of

Geomembrane Bentonite

GCL-A adhesive/granules
GCL-B power
GCL-C adhesive/granules
GCL-D granules
GCL-E powder

theoretical best CCL lab conditions
theoretical best CCL field conditions

Type of Upper
Geo textile

Against Geomembrane •

none
woven-slit film

woven-spunlaced
woven-slit film

nonwoven-needled
none
none

Apparent Transmissivity
inUnitsofm2/sec

7kPa
3xlO-12

3 x 10-11

8 x Ifr11

2xl(T10

1 x 1(T10

6.4 x
6.4 x

70kPa
3 x 10~12

9 x 10-12

6 x 10~12

1 x 10-10

8 x KT11

10-10
10-9 '

Comparing the GCL group with CCLs is difficult due to lack of data with GM/CCLs.
However, theoretical data also shown in Table 3 indicates that aD. GM/GCL combinations
evaluated are significantly lower in transmissivity than the anticipated GM/CCL transmissivity.
Bentonite extruding through covering geotextiles,. or intruding into them gives rise to these
lower GM/GCL transmissivity values. While actual GM/CCL data needs to be developed it
appears as though GCLs are superior to CCLs with respect to transmissivity.

For both GCLs and CCLs, the intimate contact issue can be challenged when the
covering geomembrane has waves in it due to high temperature expansion. This is an equal
concern for both GCLs and CCLs with no preference for one material aver the other.



Generation of Consolidation Water. Application of normal stress to a COL tends to squeeze
water put of the clay matrix. If this were to occur in a landfill cover, the water migrating into
the underlying waste would eventually become leachate. Dry GCLs have no capability to
produce consolidation water upon loading. In general, the GCL should be viewed as superior
to a CCL in terms of minimizing production of consolidation water. However, because the
applied loads in final covers are so small, the entire issue of production of consolidation water
is usually moot for covers. This issue is far more important for clay liners located above leak
detection layers in double liner systems beneath landfills.

In double lined waste containment facilities at least six states require a composite
primary liner located above a leak detection system for MSW.Fanimand Koerner (1993). For
hazardous waste, tHe number is considerably higher, When the clay liner component is a CCL
placed at, or near, saturation, each lift of solid waste placed in the facility causes consolidation
to occur. The expelled water enters the leak detection system and invariably causes confusion.
Is the liquid consolidation water or leachate passing through the entire primary composite
liner? Only through chemical analysis (MS/GC testing) and comparison with the primary
leachate can a definitive answer be given. Additionally, this generation of expelled pore water
occurs with each lift of additional waste that is placed in the facility. It has been very
troublesome (and difficult to interpret) at a number of facilities. Dry GCLs do not have this
problem and can be considered superior in this regard.

Permeability to Gases. The permeability of a barrier layer to various gases may be very
important if the barrier layer is expected to restrict the-movement of gas through the cover of a
MSW landfill Decomposing MSW landfills produce methane, carbon dioxide and trace
amounts of numerous other gases. For clay soils, the gas permeability is extremely sensitive to
the water content of the soil. Dry clay materials are highly permeable to gases, but water-
saturated clay materials are practically impermeable to gases.

Compacted clay liners are compacted at a water content that is wet of optimum. The
volume of air present in the CCL tends to be very low. Conversely, the gas permeability of

- GCLs depends greatly on how much moisture has been absorbed by the bentoniie. The gas
permeability is high for dry bentonite sandwiched between two geotextiles. For GCLs that
contain a •geomembrane, the geomembrane dominates the material's gas permeability and gives
it a very .low permeability. Equivalency in terms of'gas permeability, probably can be
demonstrated for GCLs that contain a geomembrane or for GCLs that are sufficiently hydrated
to attain a low permeability to gages. The bentonite in the GCL can be forced to hydrate
quickly either by placing the GCL in contact with a moist soil or by applying water to the
overlying soil after the GCL is placed and covered. Laboratory tests indicate that absorption
of water by the bentonite occurs within a few weeks, Daniel, et al. (1993). The hydration of
the bentonite can be forced to occur if gas permeability is a critical issue.

While this discussion tends to favor CCLs, it must be mentioned that if the CCL cracks
due to desiccation or differential settlement the preferred pathways will bypass the intact soil
mass causing the CCL to become high in its gas permeability.

PHYSIC AL/MECHANICAL ISSUES

A number of physical/mechanical issues must be addressed since an inadequate
structural performance of either a CCL or a GCL could result in an inadequate hydraulic
performance, or even result in a failed system.

Freeze/Thaw Behavior. CCLs are known to be vulnerable to large increases in hydraulic
conductivity from freeze/thaw cycling, e.g.. Kirn and Daniel (1992), although compacted soil-
bentonite mixtures may not be as vulnerable to damage. Limited laboratory data indicate that
GCLs do not undergo increases in hydraulic conductivity as a result of freeze/thaw. Thus,
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from the available data, GCLs appear to be superior to CCLs in terms of freeze/thaw resistance.

Wet-Drv Behavior. Wetting and drying of CCLs and GCLs can cause the respective materials
to swell or shrink. The main concern with CCLs is that desiccation can lead to cracking and to
an increase in hydraulic conductivity.

Available laboratory data indicate that desiccation of wet GCLs does cause cracking,
but rehydration of the GCL causes the bentonite to swell and the material to self heal. Kirn and
Daniel (1992). Thus, GCLs appear to be superior to CCLs in terms of ability to self-heal if the
material is wetted, dried, and then rewetted.

Total Settlement Response. Total settlement refers to .large-scale settlement without significant
bending or distortion of the liner system. Clearly, such settlement can be anticipated with
MS W landfill covers. Hazardous solid waste-(HSW) should be considerably more stable in this
regard. Large scale (mass) settlement might also occur in liner systems placed as lateral or
vertical expansions. It is believed that GCLs and CCLs would both respond similarly to total
settlement and that neither would be damaged if there is no significant bending or distortion.

DirTerefTtial Settlement Response. LaGatta (1992) studied die effects of differential settlement
on the hydraulic conductivity of GCLs. He placed a water-filled bladder in a "false bottom"
located beneath the GCL. The GCL was placed over the bladder and was then covered with
600 mm of gravel to simulate cover material. The GCL was flooded with 300 mm of water, and
water draining out the bottom of the experimental apparatus was collected for 2 to 4 months,
until the flow rate became steady. Then the bladder was incrcmentally deflated to produce a
differential settlement. Boardman (1993) performed similartests but subjected dry (rather than
hydrated) GCLs to differential settlement; the GCLs were hydrated and permeated after the
distortion took place in the dry material. The extreme differential settlement caused by the
deflated bladders did not produce large increases in hydraulic conductivity for most of the
GCLs tested.

Distortion is defined as the differential settlement. A, divided by the horizontal distance
over which that settlement occurs, L, as shown in Rgure 3. Distortion produces tension, which
can lead to cracking. It appears from LaGatta's and Boardman's tests that many GCLs can
withstand large distortion (A/L up to 0.5) and tensile strain, (up to 10 to 15%) without
undergoing significant increases in hydraulic conductivity. This rinding is in sharp contrast to
the results for compacted clay, which are summarized in Table 4 as compiled by LaGatta
(1992). Normal compacted clay materials cannot withstand tensile strains greater than
approximately 0.85% without failing by cracking. Pure bentonite, on the other hand, is
reported to have a tensile strain at failure of 3.4%, but.LaGatta measured much greater tensile
strains without cracking in many GCLs, probably due to the beneficial reinforcing and/or
confining effects from the geotextiles or geomembrane of the GCLs. In any case, the available
data indicate that GCLs can withstand much greater tensile deformation than CCLs without
cracking, which is a favorable characteristic for final covers. GCLs arc considered to be
superior to CCLs in terms of resistance to damage from differential settlement

While this same discussion can be applied to the liner system beneath the solid or liquid
waste the general situation is not as compelling since soil subgrades should be far more
competent than with a body of solid waste. The notable excep'^n, of course, is for vertical
and lateral expansions of landfills over existing facilities. Here the situation described above
for covers is even further exacerbated due to the high magnitudes of the applied normal
stresses.
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Figure 3. Definition of Liner Distortion UAL"
Table 4. Data on tensile strain at failure for compacted clayr LaGatta (1992).

Type or Source of Soil Water Content Plasticity Index* Failure Tensile Strain

Natural Clayey Soil
Bentonite
Dlite
Kaolinite
Portland Dam
Rector Creek Dam
Woodcrest Dam-
Shell Oil Dam
Wfllard Test Embankment

19.9
101

31.5
37:6
163
19.8
102
112
16.4

7
487
34
38
8
16

Non-plastic
Non-plastic

11

0.80
3.4

0.84.
.0*16
0.14
0.1

0.18
0.07
'0.20

* Defined as the liquid limit minus die plastic limit per ASTM D4318

Slope Stability Considerations. The mid-plane shear strength of GCLs is obviously sensitive to
the water content and type of GCL. Water-saturated GCLs that contain unreinforccd,
adhesive-bonded bentonite have, angles of internal friction for consolidated-drained conditions
of approximately 10 degrees. Dry or damp materials are 2 to 3 times higher than water-
saturated GCLs. Also, needle-punched and stitch-bonded .GCLs have higher strengths, at least
in the short term. On-going creep studies of some types of hydrated needle punched GCLs,
however, show that linear creep may occur at shear stresses of less than 50% of the short term
strength. Whether these trends continue for all needle punched products at all normal stresses
is not known. Note that it is possible to lock the needled fibers in place by adhesives or
thermal fusion, and thus .long term stability is possible. This same study shows that stitch
bonded GCLs are very stable under similar conditions. Furthermore, the interface shear
strength at the upper and/or lower surfaces of a GCL may be an issue depending on the type
of surfaces of the GCL and the nature of the abutting material.

The shear strength of CCLs varies widely. Major factors include type of clay,
percentage of clay, water content, density, etc. Thus no comparative conclusions with GCLs
can be made.

For stability analyses involving composite liners, one often must consider interfacial
shear with an adjacent layer, e.g., a geomembrane. No general statement can be made about
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equivalency of a GCL to a CCL in terms of interface shear strength because the assessment
depends on the specific materials involved, degree to which the bentonite or clay can wet,
slope angle, and other site-specific conditions. Even further, slope stability must sometimes be
assured against seismic conditions. Again site specific or product specific conditions will be
required to make an equivalency assessment.

Vulnerability to Erosiop. Erosion resistance may be of concern in final covers if adequate
cover soil is not present. With a well-designed and Droperly maintained cover system, the
barrier layer should never be subjected to forces of erosion after the construction phase is over
and equivalency should not be an issue. la some cases, however, there may be insufficient
cover soil to guarantee that the barrier layer will not be exposed. Because of the presence of
erosion-resistant geosynthetic materials in GCLs, most GCLs can potentially be more resistant
to erosion than CCLs. However, if a GCL is exposed to erosive forces, the bentonite may be
washed out of some products. Thus, equivalency depends upon the specific materials being
considered. For many sites, erosion will not be of any concern, e.g., situations with adequate
cover soil or for a GCL or CCL underlying a geomembrane.

In general, erosion is not a consideration for either GCLs or CCLs placed as a liner
systenr'beneath the waste.

Rearing Capacity (Squeezing"). Both CCLs and GCLs must have adequate bearing capacity to
suppon the applied normal stresses. The clay must not squeeze laterally becoming thinner in
localized areas under concentrated loads, e.g., wheel loads from construction equipment or
maintenance vehicles. Both static and dynamic loads must be resisted depending on the local
situation. Even further, if a leak detection system is located beneath the CCL orGCL,fugativc
panicles could clog the drainage layer rendering it ineffective.

Hydrated bentonite in GCLs is not as strong as the typical soils used in constructing
CCLs hence GCLs are probably not equivalent to CCLs. However, under most circumstances,
a GCL will provide adequate bearing capacity if the material is buried under sufficient soil
overburden. Equivalency is heavily dependent upon site-specific conditions and the situation
is essentially a design and CQC/CQ A consideration and must be viewed as such.

CONSTRUCTION ISSUES

There are a host of construction issues which must be addressed in assessing
equivalency of GCLs to CCLs. The best of designs can be defeated if installation is not
possible, or is made so difficult so as to engender long term problems.

Puncture Resistance and Resealing. Geosynthetic clay liners are thin and, like all thin
geosynthetic materials, are vulnerable to damage Cram accidental puncture during or after
construction. -In contrast, thick CCLs cannot be accidentally punctured. Some GCLs have the
capability to self-seal around certain punctures, e.g., penetration of the GCL with a sharp
object such as a nail. The swelling capacity of bentonite gives GCLs this self-healing
capability. Of perhaps greater concern than penetration of the GCL by an object after
construction is accidental puncture during construction. For example, if the blade of a
bulldozer accidentally punctures the GCL during spreading of cover material, the GCL would
probably not self seal in the vicinity of the puncture.

Geosynthetic clay liners will generally not have equivalent puncture resistance to CCLs.
However, this does not mean that a GCL cannot meet or exceed the performance objectives of
a compacted clay liner. Proper CQC/CQA procedures can be established and implemented to
make the probability of puncture during construction extremely low. In final covers, one or
two accidental punctures would probably not have a major impact on the overall performance
of the barrier layer. In a bottom liner system- subjected to a continuous head of leachate, a
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different conclusion would be drawn about the significance of undetected and unrepaired
damage to a GCL from puncture. Ultimately* site-specific conditions and quality assurance
procedures will be critical in dealing with the puncture issue and in establishing equivalem^Jf
a GCL to CCL for a particular project.

Subgrade Condition Considerations. Compacted clay liners are constructed with heavy
equipment. If the subgrade is uneven a CCL can be placed and compacted in a
straightforward manner. On the other hand, stones and rocks can-cause localized thinning or
even puncture of a GCL. If the subgrade contains stones or rocks, the integrity of the GCL
will be compromised. Also, in order for the overlapped seams in a GCL to self seal properly, the
overlapped panels must be placed on a very smooth and even subgrade. Subgrades with
frozen ruts can be particularly troublesome for GCLs and their potential to thin out over the
raised ridges is very high. Thus, equivalency of a GCL to a CCL in terras of the effect of
subgrade clearly depends on the conditions of the subgrade. This, in turn, depends upon
subgrade restrictions placed in the plans and specifications and on the level of CQC/CQA
monitoring,

Subgrades must be very carefully prepared for the successful placement o a GCL. It is
of significantly less concern when placing a CCL. >

of Placement or Construction. A GCL will always be easier to place than a CCL, unless
her conditions are adverse (e.g., constant rain), in which case even a GCL will also be

Ease
weather
difficult to construct In general, GCLs are superior to CCLs in terms of ease of placement or
construction.

Speed of Construction. GCLs can be placed much more quickly than CCLs. GCLs are
superior to CCLs in-terms of speed of construction.

•.
-Availability of Materials. Suitable clays for construction of a CCL may or may not be available
, locally, depending on the location of the site. Because GCLs are manufactured materials, they
are readily available and can be shipped to a site quickly. The cost of shipment is usually not a
large percentage of the total cost of a GCL. Thus, GCLs will always be at least equivalent to
CCLs in terms of availability of materials and will be superior to CCLs at sites lacking local
sources of suitable clay.

Requirements for Water. Construction water is necessary for many compacted clay soils in
order to make a. CCL. They are usually placed at a moisture content wet of optimum to
achieve the desired low hydraulic conductivity. The total amount of water required to moisten
a clay liner can be very large. For example, if a 600 mm thick compacted clay liner were to be
constructed over a 5 haisite, and the natural water content of the soil had to be increased 5%
to achieve the required moisture conditions, the total amount of water necessary would be
approximately 1,500,000 filer. In arid regions, this water may represent a valuable resource, and
in some remote locations, it may be very expensive to provide the water. Furthermore, if the
only water available is from a local stream which is polluted, the expelled water during
consolidation could be a concern in generating leachate or in masking leak detection liquids in
double lined systems.

Geosynthetic clay liners do not require construction water and are superior to CCLs in
this regard.

Air Pollution Concerns. Air pollution is a subject of great concern in some areas. Construction
of CCLs liners lend to be an energy intensive activity with heavy equipment excavating,
hauling, processing, spreading, and compacting the soil with repeated passes of heavy
compactors. All of this activity adds to air pollution in terms of hydrocarbon emissions from
the equipment and air-borne paniculate matter (dust). GCLs are factory fabricated, shipped to
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the site, moved into position by machinery, and then unrolled (sometimes by hand). Air
pollution at the factory during GCL manufacturing is generally carefully controlled and
monitored. Relatively speaking, the impacts to air quality are less with a GCL than a CCL.

Weather Constraints. Compacted clay linen are difficult to construct when soils are wet,
heavy precipitation is occurring, the weather is extremely dry (clay desiccates), the soil is
frozen, or the temperature is below freezing. GCLs are difficult to construct during
precipitation. Weather constraints during placement generally favor GCLs.

Some, if not all, GCLs must be covered before they hydrate. If a geomembrane will be
placed over a GCL, the GCL must be covered almost immediately with the geomembrane.
Construction should proceed downgradient with the geomembrane shingled over the edge of
the GCL upon the completion of each day's work. If soil is placed over the GCL, backfilling
must be kept as close as possibleio the exposed edge. Furthermore, the exposed edge should
be protected by a temporary membrane at the end of each day's work. The fact that many
GCLs must be covered before they are hydrated can be a significant weather constraint for
GCLs. CCLs also have weather constraints after placement. CCLs mustnot be allowed to
freeze or desiccate, and wet weather often creates rutting and damage to the surface.

Equivalency in terms of weather constraints must be considered on a site-specific basis,
but weather constraints generally favor GCLs over CCLs.

Quality Assurance Considerations. The proper construction of a low-permeability, CCL is a
very challenging task. Careful control must exist over materials, moisture conditions, clod size,
maximum particle size, surface preparation for a lift of sou", lift thickness, compaction coverage
and energy, and protection of each completed lift Comparatively, CQC/CQA requirements are
much less rigorous for GCLs compared to CCLs, but no less critical. In general, while
CQC/CQA for a CCL requires a number of relatively sophisticated tests and points of control
by very experienced and capable personnel, CQC/CQA for GCLs is more nearly the application
of common sense. Far fewer things can go wrong with the installation of a GCL compared to
placement ana* compaction of a CCL. However, testing procedures and observational
techniques are well established for CCLs but are not for GCLs. There are major ongoing
efforts to establish testing methods for GCLs. ASTM Committee D-35 has recently dedicated
an entire subcommittee to this particular material. While it would appear that GCLs are
superior to CCLs in terms of ease of quality control, more work needs to be done to establish
standard test methods and procedures for GCLs.

SUMMARY OF EQUIVALENCY ASSESSMENT
Clearly an equivalency analysis of GCLs to CCLs will be needed on a site-specific basis.

Any broad conclusions that can be drawn will tend to be fairly general. However, a
generalized summary of the technical equivalency issues just discussed will be attempted.
Tables 5(a) and 5(b) are arranged to parallel the issues hi Table 2 and just discussed. Table 5(a)
is for tiner systems beneath waste materials and Table 5(b) is for cover systems above the
waste. Each table is arranged so as to counterpoint GCLs to CCLs in the following manner

• the GCL is probably superior
• the GCL is probably equivalent
• the GCL is probably not equivalent
• equivalency depends on site specific or product specific conditions

Clearly, the "not equivalent" category of GCLs to CCLs in each table is most important.
These issues will be discussed separately. Unfortunately, many issues fall into the
"equivalency depends on site specific or product specific conditions" category. They, of
course, remain unanswered at least in the generalized sense of this paper.
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Table 5(a). Generalized technical equivalency assessment for liners beneath
landfills and surface impoundments.

Category Criterion for
evaluation

GCLis GCLis GCLis Equivale. •"
probably probably probably not depends on
superior equivalent equivalent site or product

Hydraulic
Issues

Physical/
Mechanical
Issues

Steady flux of water
Steady solute flux
Chemical adsorption
capacity

Breakout time
Water
Solute

Horiz. flow in seams
or lifts

Horiz. flow beneath
geomembrane

Generation of
consolidation water

Freeze-thaw behavior
Total settlement
Differential settlement
Slope stability
Bearing capacity

X
X

X
X

X

X

X

X

Construction
Issues

Puncture resistance
Subgrade condition
Ease of placement X
Speed of construction X
Availability of materials X
Requirements for water X
Air pollution concerns X
Weather constraints
Quality assurance
considerations

X
X

Regarding "chemical adsorption capacity** of GCLs in liner systems, equivalency
cannot be shown. More of concern, however, is what impact does this issue have on the
performance of a given facility. For example, if the liner is a GM/GGL composite the issue
might be moot fora properly installed geomembrane. In the short term, absorption by the GCL
may be adequate due to very low water flux. In the long term, the adsorption capacity of all
liners may eventually be exhausted and is therefore not relevant. If the composite is the
primary liner of a double liner system, the leak detection system will handle the liquid and
adsorption is not relevant Thus only when the GCL is used by itself can real concern be
expressed, and even then, site-specific conditions are very important

Regarding "bearing capacity", or squeezing, of hydrated GCLs there is concern for
both liners and~covers. Thehydration of GCLs can be quite rapid. Within a few days, Daniel,
et al. (1993) show that 40% moisture content can be attained from soil suction considerations.
Concentrated loads from construction equipment and/or maintenance equipment can readily
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Table 5(b). Generalized technical equivalency assessment for covers above landfills.

t

m
Category
Hydraulic
Issues

Criterion for
evaluation

GCLis
probably
superior

Steady flux of water
Breakout time of water
Horiz/flow in seams
orlifts

Horiz. flow beneath
geomcmbrancs X

Generation of
consolidation water X

Permeability to gases

GCLis
probably
equivalent

X

X

GCLis
probably not
equivalent

Equivalency
depends on

site or product

X

X

Physical/
Mechanical
Issues •'

Construction
Issues

Freeze-thaw behavior X
Wet^dry behavior X
Total settlement
Differential settlement X
Slope stability
Vulnerability to erosion
Bearing capacity

Puncture resistance
Subgrade condition
Ease of placement X
Speed of construction X
Availability of materials X
Requirements for water X
Air pollution concerns X
Weather constraints
Quality assurance '
considerations

X
X

X
X

cause squeezing and lateral migration of the hydrated bcntonite in some GCX products. GCLs,
thin to begin with, can further decrease in their thickness, to the point where the geotextiles
are possibly touching one another. This issue must be addressed in design (e.g., to provide
suitable thickness for haul roads and access roads) and in strict CQC/CQA procedures during
construction.

i.

Regarding "puncture resistance", thin GCLs do not Rave the same resistance as much
thicker CCLs. Although the GCLs can be punctured during construction, careful CQC/CQA
should be capable of addressing this potential problem. Further, for final covers, an occasional
small puncture may be of Iktlejconsequence. Indeed, puncture is probably of much greate:
concern for a bottom liner than for a final cover and of much more concern for single line:
systems than for the upper linerin a double linersystem. Also, if puncture is of concern, a laye:
of relatively low permeability soil or waste material may be placed below the GCL to provide ;
back-up should puncture occur at an isolated location. It should be stated, however, tha
GCLs enjoy several important advantages over a compacted clay liner which may more thai
offset its greater vulnerability to puncture.
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Regarding "subgrade conditions", the thinness of GCLs is again at issue. With only 7
to 10 mm of thickness of a GCL to begin with, no amount of thinning is tolerable without
negatively affecting the water or solute flux calculations provided earlier. Subgrade conditions -̂-̂
must be specified as being free from stones, gravel, ruts (particularly when frozen) and all other \ ,
perturbations in the subgrade material. When placed over the geonet of a leak detection
system, rib indentation can cause GCL thinning. This is readily prevented by using the proper
separation geotextile between the GCL and geonet,. but must be designed accordingly. Thus
adverse subgrade conditions can be eliminated as a issue of non-equivalency, but only with
proper design and rigorous CQC/CQ A procedures.

CONCLUSIONS AND RECOMMENDATIONS
Presented in this paper was an overview of gepsynthetic clay liners (GCLs), with the

intention of comparing and contrasting them to traditional soil liners. When used for waste
containment, such soil liners are usually compacted clay liners (CCLs). However, instead of
basing potential equivalency on non-quantifiable issues (like a lack of endorsement by
regulatory agencies),.three categories of technical issues were evaluated. They were hydraulic,
physical/mechanical, and construction categories, each of which had numerous specific issues.

It was seen that there are numerous advantages of GCLs over CCLs. These include
better, resistance to freeze-thaw, better self healing characteristics in wet-dry conditions, less ^
vulnerability to damage from differential settlement, less consumption of landfill space, easier
placement, faster placement, lack of need for local clay materials, less need for construction
water (relevant for arid areas), and greater ease of good quality assurance. Geosynthetic clay
liners will probably cost less than compacted clay liners for many, and perhaps most, sites. The
major disadvantages of GCLs are greater vulnerability to damage from puncture, poor
subgrade conditions, lateral squeezing and subsequent thinning of the product. All are
potentially controllable by proper design procedures and by rigorous CQC/CQA procedures.
While not generally a critical issue, the chemical adsorption capacity of a GCL is lower than a
CCL.

As suggested by Tables 5(a) and 5(b), many equivalency issues depend on the particular
GCL product selected and the unique site specific conditions. In general, equivalency will
have to be evaluated on a case-by-case basis. An important site-specific issue is likely to be
slope stability. It may be difficult to provide adequate factors of safety against slope failure on
relatively steep slopes that contain certain GCLs. However, designers have a choice of
products and, as an option, a variety of reinforcement materials (such as geogrids and
geotextiles) available, for use, if necessary.

While no general conclusion can be reached about GCL equivalency to a CCL at all
sites (either for liner or cover applications) it is expected that GCLs can be shown to provide
better or equivalent performance at many sites.

Although GCLs are not without limitations, their favorable properties are sufficiently
advantageous that owners, designers, and regulatory officials could give serious consideration
to expanded use of GCLs as containment barrier materials. There is a need to reach agreement
about the criteria upon which GCLs will be evaluated, and it is hoped that this paper will help
to continue the dialogue that will ultimately lead to establishment of agreed upon and
appropriate criteria to assess technical equivalency.
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SKINNER LANDFILL - SLQPE STABILITY ANALYSIS

Objective

Demonstrate that the proposed final cap system for the Skinner Landfill is stable.

Given

1) Rust 1994 Soil Borings
2) Weston 1986 Soil Borings
3) Phreatic Surface Map (Rust)
4) Existing limits of waste
5) Proposed final cover grades
6) Existing grades

Procedure

1) Four (4) cross-sections, typical of the longest and/or steepest on site, were
developed based on existing grades and proposed final grades, as shown in the
drawings.

2) Stratigraphy of the sections were estimated based on Rust 1994 soil borings and
Weston 1986 soil borings, and the existing limits of waste.

3) Physical parameters (i.e., unit weights, strength parameters) for each soil strata
were conservatively assigned based on field test data (SPT values), descriptions of
the soil, current literature, and knowledge of the local soils. No laboratory testing
of the Skinner soils was performed.

For cohesive soils, Figures 7.38 and 7.39 were included to show the relationship of
the friction angle versus plasticity index or clay fraction over the entire range of
these values. For drained conditions, friction angles of 10 to 23 degrees (sin
23=0.39) were used for clays in all analyses. Figure 7.38 indicates these values are
in the lower 25 percentile for all clay soils. Figure 7.39 also indicates that a
friction angle of 20 degrees is in the lower 25 percentile for a soil with 30% clay
fraction. Please note that the lowest average SPT value for any of the Skinner
clays is 24, and for clays in which a drained friction angle of 20 to 23 degrees was
used, the lowest average SPT value is 32, which is indicative of a very stiff or hard
clay soil. Table 2.6 from Foundation Analysis and Design by J. Bowles has been
included which indicates drained friction angle for clay range from 20 to 42
degrees.

Two tables (Tables 2 and 6) were included to indicate typical strength values over
a range of (clay) soil types and geologies. Then, in the absence of laboratory test



data, conservative parameters were chosen for use, specifically with respect to
drained conditions. In Table 6 (p 292), note that the minimum effective friction
angle (for samples with SPT values of 7 to 10) is 22 degrees. In Table 2 (p 176),
the minimum friction angle listed is 25 degrees for samples with clay contents of
39 to 70 percent, and Pi's from 5 to 31 percent. The maximum drained friction
angle used in our analyses was 23 degrees.

It is unknown whether the on-site soils are normally consolidated or
overconsolidated, but we have assumed them to be normally consolidated. The
soil parameters chosen for use in these analyses (i.e., C from 750 to 1000 psf, Phi
from 10 to 23 degrees) are appropriate based on published literature (reference
Table 3, p 104 with average C=l 137 psf, Phi=33 degrees) and on local knowledge
of the soils.

Attached are copies of four recent triaxial test results for tests recently performed
on local soils by our soils laboratory, showing the effective stress envelope. Three
of the samples tested were taken from shelby tube samples. Note the SPT values
(hand written) for the adjacent split-spoon samples. One test was performed on a
remolded sample. Cohesion values ranged from 340 to 1000 psf, with Phi angles
from 7.8 to 29.5 degrees. Note that SPT values indicate these soils probably are
considerably weaker than the Skinner on-site clay soils.

It is our experience that local clay soils tend to exhibit substantial cohesion values
and do not normally produce high (i.e., above 30) friction angles in the effective
condition. For this reason, we elected to use the minimal friction angle and
moderate cohesion values in our analyses.

For granular soils, Figures 2.4, 7, and 17-11 (copied from reference material) are
typical of the information available for estimating friction. For dense sands, typical
friction angles are from 35 to 38 degrees for rounded grains, and 40 to 45 degrees
for angular grains. Figure 7 indicates an angle of friction of 36 degrees is most
appropriate for this case. Other references (see Table 2-6 and Figure 2-24 from
Bowles, attached) indicate friction angles from 38 to 40 degrees would be most
appropriate. Based on all available information, we have selected friction angles
from 36 to 38 degrees for the individual cases.

Summary tables are included which list the soil parameters used for each section
for all cases analyzed.

4) Static slope stability analyses were performed, for both drained (long-term) and
undrained (short-term) conditions. Stability analyses were performed using the
computer program STABL4 (1988), for both circular arc and sliding block type
failure surfaces.

5) Seismic analyses were performed for all cases noted in (4) above using a pseudo-



static analysis procedure. A horizontal acceleration of 0.15g, with a 90%
probability of not being exceeded in 250 years, was used in the seismic analyses.

6) Stability results were evaluated based on USCOE criteria, as outlined in Figure
4.4-1, attached.

Conclusions

All calculated Factors of Safety (FS) are above the USCOE recommended minimums. It is our
opinion that the Skinner Landfill cap and slopes, as designed, will be stable.

Results are summarized on the following pages. Cross-sections, with locations, and detailed
analyses are attached. Section 4.0 of the Design Report describes the slope stability analyses in
full detail.
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SKINNER LANDFILL

SUMMARY OF SLOPE STABILITY CALCULATIONS

Minimum Factor of Safety

Section

A-A
B-B
C-C
D-D

Minimum

Static

Total

1.61 B
2.95 c
1.83 B
1.76 B/c

1.3

Effective

1.77 c
2.99 c
2.03 B
1.88 B

1.5

Seismic

Total

1.13 B
1.72 c
1.09 B
1.09 c

1.0

Effective

1.24 c
1.78 c
1.24 B
1.23 B

1.2

NOTE: C INDICATES CIRCULAR ARC TYPE FAILURE GOVERNS
B INDICATES BLOCK TYPE FAILURE GOVERNS



SKINNER LANDFILL

SLOPE STABILITY ANALYSIS
SHEAR STRENGTH PARAMETERS

SECTION A-A

Strata
1
2
3
4

Description
Silt/Clay

Sand
Clay

Bedrock

Unit Weight

Total
(pcf)
125
125
125
150

Saturated
(pcf)
135
135
135
150

Shear Strength Parameters
Total Stress

Cohesion
(psf)
1500

0
2000
8000

Friction
Angle
(deg)

0
36
0
0

Effective Stress

Cohesion
(psf)
750
0

1000
8000

Friction
Angle
(deg)

19
38
20
0

Average
"N"

Value *
37
32
35
—

*NOTE: N-values over 50 have not been included in this average.

J



SKINNER LANDFILL

SLOPE STABILITY ANALYSIS
SHEAR STRENGTH PARAMETERS

SECTION B-B

Strata
1
2
3
4
5
6

Description
Eng. Fill
Misc. Fill
Silt/Clay .

Sand/Gravel
Silt/Clay
Bedrock

Unit Weight

Total
(pcf)
125
125
125
125
125
150

Saturated
(pcf)
135
135
135
135
135
150

Shear Strength Parameters
Total Stress

Cohesion
(psf)
750
200
1500

0
2000
8000

Friction
Angle
(deg)

0
23
0
36
0
0

Effective Stress

Cohesion
(psf)
750
200
750
0

1000
8000

Friction
Angle
(deg)

0
23
10
36
20
0

Average
"N"

Value *
—
—
24
40
32
—

*NOTE: N-values over 50 have not been included in this average.



SKINNER LANDFILL

SLOPE STABILITY ANALYSIS
SHEAR STRENGTH PARAMETERS

SECTION C-C

Strata
1
2
3
4

Description
Eng. Fill
Misc. Fill
Silt/Clay
Bedrock

Unit Weight

Total
(pcO
125
125
125
150

Saturated
(pcO
135
135
135
150

Shear Strength Parameters
Total Stress

Cohesion
(PSf)
750
200

1500
8000

Friction
Angle
(deg)

0
23
0
0

Effective Stress

Cohesion
(PSf)
750
200
1000
8000

Friction
Angle
(deg)

0
23
10
0

Average
"N"

Value *
—
—
26
—

*NOTE: N-values over 50 have not been included in this average.



SKINNER LANDFILL

SLOPE STABILITY ANALYSIS
SHEAR STRENGTH PARAMETERS

SECTION D-D

Strata
1
2
3
4
5

Description
Eng. Fill
Misc. Fill
Silt/Clay

Clay
Bedrock

Unit Weight

Total
(pcf)
125
125
125
125
150

Saturated
(pcf)
135
135
135
135
150

Shear Strength Parameters
Total Stress

Cohesion
(psf)
750
200
1500
1500
8000

Friction
Angle
(deg)

0
23
0
0
0

Effective Stress

Cohesion
(psf)
750
200
750
1000
8000

Friction
Angle
(deg)

0
23
13
20
0

Average
"N"

Value *
—
—
26
36
—

*NOTE: N-values over 50 have not been included in this average.



MINIMUM FACTORS OF SAFETY*
TOTAL

STATIC

1.3

DYNAMIC

1.0

EFFECTIVE

STATIC

1.5

DYNAMIC

1.2

'MINIMUM FACTORS OF SAFETY
BASED ON U.S. CORPS OF
ENGINEERS MANUAL EM-1110-2-1902,
ENGINEERING AND DESIGN STABILITY
OF EARTH AND ROCK-FILL DAMS, 1970

DETERMINE YIELD ACCELERATION
CALCULATE MINIMUM ACCELERATION

(YIELD ACCELERATION)
REQUIRED TO INCREASE FS TO 1.0

PERFORM GROUND RESPONSE ANALYSIS
CALCULATE MOTION INPUT TO THE BASE

OF THE WASTE LAYER BY "SHAKE" PROGRAM

PERFORM DEFORMATION ANALYSIS
CALCULATE DISPLACEMENTS DUE

TO THE MOTION BY INTERGRATION

ENVIRONMENT &
INFRASTRUCTURE

Skinner Landfill

FLOWCHART OF STABILITY ANALYSIS

SCALE: NO SCALE

DRAWN BY: RJC

APPROVED BY: AA

PROJECT NO:

DATE: JAN. 1994
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I2S

•ICO

Glen Snira Moraine
compacted at optimum

water content_____

25 50 75 100 125 ISO 17S ZOO 22$
Effective normal stress cr' - Ib per sq. in

250 275

Fiz. 71. Mohr envelope for undrained tests on a compacted fill material

TABLE 3
Values of the shear strength parameters c' and </>' from undrained tests

with pore-pressure measurement

\latenc'.

Moraine

Moraine

Boulder c:ay

Clay .Optimum
fraction ; water
< 0-002 content:
mm: % ; °0

i
< 1 ' 8-8

I
7 i ^ .-)

i
4 ' 7-S

Op.imi.7n
dry

densitv:

Water
content as

tested:
lb\cu'}t '

131

Cohesion
c':

Ib/sq. ft

6-8
8-8

10-2

890
750
115

9-6 1440
120 12-2

14-8
980

0
I

135
6-8 : 1300
7-8

! 8-8
980
270

Angle of
shearing
resistance

6':
degrees

42
44
41

36̂
-j /

36

3S
38
37

Boulder ciav 10 9-5 130 ] 9-5 1440

Boulder clay 19 : 10-7 126

Residual c:ay* 25 | 47-0 72
I
1

Residual clay 44 ' 2 3 - 0 98
1

i j
8-8 | 2350 1

10-7 1660
12-4 490 :

48-2 1200 1

20-0 2590
23-0 2260 :
25-0 i 620 :

i

27
24
28

31

24
21
24

The compartive effort used in sample preparation approximated in all cases to that
used in the s:sndard compaction lest. Samples 4 inches in diameter and 8 inches in
height were used except where indicated by an asterisk *.

Fig. 72



TABLE 2-6 Representative values for angle of internal friction

Gravel
Medium size
Sandy

Sand
Loose dry
Loose saturated
Dense dry
Dense saturated

Silt or silty sand
Loose
Dense

Clay

Type of lest*

Soil

Unconsolidated-
undrained
U

Consolidated-
undrained
CU

Consolidated-
drained
CD

40-55
35-50

28-34°
28-34'
T5-4g
1-2° less than
dense dry

20-22°
25-30"
0° if saturated 3-20°

40-55°
35-50°

43-50°
43-50°

27-30°

* See a laboratory manual on soil testing for a complete description of these tests, e.g., Bowles
(1986/7).

Noies:
1. Use larger values as y increases
2. Use larger values for more angular particles
3. Use larger values for well-graded sand and gravel mixtures (EGW. SW)
4. Average values for

Gravels: 35-38°
Sands: 32-34°



76 FOUNDATION ANALYSIS AND DESIGN

45

40ach*u
5 35

c<
30

25'

1—Ottawa sand
2—Mol sand [De Beer (1970)]
3—Dune sand [D'Appolonia et al. (1968)]
4—Very coarse sand (Peoria. 111.)

-Medium coarse sand (Moline. 111.)
-Fine grained [Plantema (1957)]

7—Very coarse [Plantema (1957)]
(7)

1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1
Unit weight y, g cmj

(a) 4> vs. y for several soils. [From Bowles (I974a).\

X
a
E

co

S"*.2 c
k. l_ 1,(_ o 36

o
_u
COc
co

03
ua.

30 40 50 60 70 80 90 100
Relative density. %

(b) $ vs. Dr. [From Schmertmann (1978) who modified from
D. M. Burmister (1948), "The Importance and Practical Use
of Relative Density in Soil Mechanics", ASTM Proceedings, col. 48.]

FIGURE 2-24 Relationships between angle of in ternal f r ic t ion $ and un i t weigh ' y or relative density D,
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00

3

TYPE OF TEST:
Unconso 1 i dated undrained

SflMPLE TVPE:
DESCRIPTION:

LL- PL= PI=
SPECIFIC GRftVITY= 2.75

°EMflRKS :

Lab No.

^H/: : : T : : • : : ": " : : :' ' \ "vy:"." •—:•-••••••• ••....-..-.

S î±i:::!::i::!±.:±!±!::::!:ti:::::fe::!::!::::i±
j.:j..j..:4:vtt..:|.ttt..4.j.tj....j..}.i....,^
,..,..,.. .rr\.r ..,..,..,..,. -rrrr •""••-•-• -rt\r-r-rrr]- ••:•"":•"•]

3.00 4.00 5.00 6.00
Hormal Stress, tsf

Aj = l0t 1C

SflMPLE N O . 1 2 3

WflTER CONTENT, '/. 29.4 31.7 31.7
^ DRY DENSITY, pcf 91.8 S0 . 7 91.5
- SflTURflTION, •/. 92.8 97.6 99.6
£ VOID RflTIO 0.871 0.894 0.876
2 DlflflETER, in 2 . B5 2.BS 2. SI

HEIGHT, in 5 . E3 5.10 5.20

UflTER CONTENT, V. 29 .4 29.4 29.4
£ DRY DENSITY, pcf 91.8 90.7 91.5
U SftTURflTION, V. 92.8 90.4 92.2
*~ VOID RRTIO 0.B7i 0.E94 0.876
£ DIflMETER, in 2.85 2.66 2.B1

HEIGHT, In 5.03 5.10 5.20
Strain rate, in/min 0.010 0.010 0.010

BflCK PRESSURE, tsf 0.00 0.00 0.00
CELL PRESSURE, tsf 0.50 1.01 2.02
FPILURE STRESS, tsf 1.10 1.80 2.75

PORE PRESSURE, tsf
ULTIMATE STRESS, tsf 1.07 1.77 2.62

PORE PRESSURE, tsf
Oi FftlLURE, tsf 1.60 2.B1 4.77
C?3 FfllLURE, tsf 0.5 1.01 2.02

CLIENT:

PROJECT:

SflNPLE LOCHTION: B-4 15-17'

PROJ. NO.: DPTE: 11.3.95

TRIflXIflL SHEflR TEST REPORT

RUST ENVIRONMENT & INFRASTRUCTURE
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RESULTS
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Normal Stress, tsf
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0 6 12 19 24
Ox 3 a 1 Stra in, '/.

TYPE OF TE5T:
Unconso1idated undrained

EPMPLE TYPE:
DESCRIPTION:

LL= PL= PI'
SPECIFIC GRflVITY= 2.75
REMflRKS:

Lab No.

A/ 2r
SflMPLE NO.

U

WflTER CONTENT, '/. 22. B 22. B
DRY DENSITY, pcf 100.9 102.3
SflTURflTION, Y. 89.5 52.6
VOID RftTIO 0.702 0.67B
DlfiMETO?, in 2.B2 2.B0
HEIGHT, in 5.00 5.00

UftTER CONTENT, '/. 22. B 22 . 8
DRY DENSITY, pc-f 100.9 102.3
SflTURPTION, '/. G9.5 92.6
VOID RfiTIO 0.702 0.67B
DIflMETER, in 2. 62 2.B0
HEIGHT, In 5.00 5.00

Strain rate, in/min 0.010 0.010
BftCK PRESSURE, tsf 0.00 0.00
CELL PRESSURE, tsf 0.50 2.02
FAILURE STRESS, tsf 1.31 1.79

PORE PRESSURE, tsf
ULTIMflTE STRESS, tsf 1 . 26 1.67

PORE PRESSURE, tsf
Oi FfllLURE, tsf 1.B2 3. 60
O3 FfllLURE, tsf 0.5 2.B2

CLIENT:

PROJECT:

SflMPLE LOCATION: B-3 38-40'

PROJ. NO.: DATE: 11.3.95

4.53

TRIflXIflL SHEPR TEST REPORT

RUST ENVIRONMENT & INFRASTRUCTURE
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TYPE OF TEST:
Unconso I i dated un drained

SRMPLE TYPE:

DESCRIPTION:

LL= PL= PI-
SPECIFIC GRflVITY= 2.75

REMflRKS:

Lab No. '

SflMPLE NO. 1 2

UlflTER CONTENT, '/. 23.2 23.2
^ DRY DENSITY, pcf 96.2 102.4
- SATURATION, X Bl . 2 94 . 1
Ui VOID RfiTIO 0.7B5 0.677
2 DIAMETER, in 2 . BB 2.84

HEIGHT, in 4 . 90 5 . 6S

UflTER CONTENT, X 23 . 2 E3 . 2
£ DRY DENSITY, pcf 96.2 102.4
U SflTURRTION, '/. 81.2 94 .1
*~ VOID ROTIO 0.7B5 0.677
^ DIAMETER, in 2.BB 2.84

HEIGHT, In 4 .90 5.63
Strain rate, in/min 0.010 0.010

BPCK PRESSURE, tsf 0.00 0.00
CELL PRESSURE, tsf 0.50 2.02
FftlLURE STRESS, tsf 1.47 2.50

PORE PRESSURE, tsf
ULTIHflTE STRESS, tsf 1.41 2.79

PORE PRESSURE, tsf
Oi FfllLURE, tsf 1.97 4 . S2
O3FflILURE, tsf 0.5 2.02

CLIENT:

PROJECT:

SflMPLE LOCATION: B-3 28-30'

PROJ. NO. : DflTE: 11.3.95

TRIflXlHL SHERR TEST REPORT

RUST E3WIROMKBNT & IMFRASTRUCTURE
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TYPE OF TEST:
CU with pore pressures

SAMPLE TYPE:
DESCRIPTION: BROWN CLAY

LL= PL= PI=
SPECIFIC GRAVITY= 2 . 65
REMARKS :

Lab No.

. . : : . . . . . . . : : : \ . : . .
: : : : : : : : : : : : : T : : : : : :
: : : : : : : : : : : : : : :\ : : : : :
: : : : : : : : : : \ : : '•'•]'• '• '• '- '• '• •
: : : : : : . : : : : \ : : \ - '• • • ' •

3.00 4.00 5.00 6.00
rma I Stress, tsf ————
formal Stress, tsf — — —

SAMPLE N O . 1 2 3

WATER CONTENT, % 12.4 12.4 12.4
d DRY DENSITY, pcf 120.7 120.7 120.7
H SATURATION, 7, 88.5 88.5 88.5
H VOID RATIO 0.371 0.371 0.371
jEj DIAMETER, in 2.75 2.75 2.75

HEIGHT, in 6 . OO 6 . OO 6 . OO
WATER CONTENT , % 12.4 12.4 12.4

^ DRY DENSITY, pcf 120.7 120.7 120.7
LJ SATURATION, % 88.5 88.5 88.5
*~ VOID RATIO 0.371 0.371 0.371
^ DIAMETER, in 2.75 2.75 2.75

HEIGHT, in 6 . OO 6 . 00 6 . 00
Stra n rate, in/min 0.001 O.001 O.O01
BACK PRESSURE, tsf 3.60 3.60 3.60
CELL PRESSURE, tsf 4.10 4.61 5.62
FAILURE STRESS, tsf 1.08 1.47 2.87

PORE PRESSURE, tsf 3.87 4.11 4.44
ULTIMATE STRESS, tsf 1.08 1.47 2.87

PORE PRESSURE, tsf 3.87 4.11 4.44
a, FAILURE, tsf 1.32 1.96 4.05
a3 FAILURE, tsf 0.24 0.5 1.18

CLIENT:

PROJECT:

SAMPLE LOCATION: 5BTP-2

PRO J . NO . : DATE : 4.24.96

TRIAXIAL SHEAR TEST REPORT

RUST ENVIRONMENT * INFRASTRUCTURE
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ANGLE OF INTERNAL FRICTION
VS DENSITY

(FOR COARSE GRAINED SOILS)

MATERIAL
TYPE

OBTAINED FROM
EFFECTIVE STRESS
FAILURE ENVELOPES

APPROXIMATE CORRELATION
IS FOR COHESJONLESS
MATERIALS WITHOUT
PLASTIC FINES

20
75 80

I I I

100 110 120
DRY UNIT WEIGHT (/D),PCF

l i l t I • I I I _L I J
1.2 I.I LO 0.9 Q8 0.73 0.7 065 Ck6 Q55 O5 045 0.4 Q35 O3 O25 0.2 0.15

VOID RATIO, 6
I______I______I • I______I______I______I______I______I

0.55 0.5 045 0.4 0.35 0.3
POROSITY, n

0.25 0.2 0.15

( G = 2.68 )

FIGURE 7
Correlations of Strength Characteristics for Granular Soils
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o Undisturbed soil.
Activity > O-75

o Remolded soil.
Activity < 0-7=

• Undisturbed soil.
Activity < O-75

. Remolded soil.
Activity > O-75
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FKC~CH AXSIE IN C£

SUMMARY PLOT FOR ALL THST WITH
RECOMMENDED PARAMETERS SHADED

(SOURCE; SINGH AND MURPHY. 1990 AS REFERENCED BT MITCHEU. AND MITCHELL.
CONFERENCE ON STABILITY AND PERFORMANCE OF SLOPES AND EMBANKMENTS-11. 1992)

LEGEND:
*k STRENGTH PARAMETER ASSIGNED FOR WASTES

• • A • o STRENGTH PARAMETERS FOR WASTE AS REPORTED IN PUBLISHED LITERATURE

OO-
0.0 1.0 2J iO

AVERAGE NC5.MAL STRESS (ksf)
4.0 -0

SUMMARY of MUNICIPAL SOUD WASTE STRENGTH DATA
(RE'cR TO TEXT FOR AN EXPLANATION OF EACH CASE)

(SOURCE. HOWLANO AND LANOVA CONFERENCE ON STABILITY AND
PERFORMANCE OF SLCPES AND EMBANKMENTS-11. 1992)

STRENGTH PARAMETERS FOR WASTE
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176 GEOLOGICAL ENVIRONMENT

I

friction was 35 degrees. Table 3 lists the ranges of the
soil properties for topsoil, colluvial and residual
soils. The values shown include data from the nine study
areas.
Hydrometer - The minus 200 portion of the soils has a

higher percentage of silt than clay. The clay fraction
appears to be higher for residual soil compared to
colluvium and topsoil. The average percentage of silt
(33%) was similar for both colluvium and residual soil.
Average percentage of clay was 15 percent and 16 percent
for colluvial and residual soil, respectively.
Fig. 3 shows plasticity index versus clay fraction (%)

for representative soils. Data points for topsoil,
colluvial and residual soils show a plasticity index
starting between 12 and 18 and increasing with clay
fraction (%). Data points were too few and scattered to
form a correlation for the colluvial and residual soils
separately.

SLOPE STABILITY ANALYSES

An effective stress analysis for each
slope failures was made utilizing the method
for an infinite slope with a pre-failur
illustrated in Fig. 4. Shearing resistance
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SOIL

ill cementing agents like carbonates or silicates
nils, eolic sediments, soft volcanic mil' and soft
considered- with semi-impermeable hydraulic
md 0d may be obtained from drained tests at
3iis|y mentioned, the term f<j may be seriously
rom the ground, or in the Held, for instance

ear strength may be measured after reaching
phenomenon implies that the shear strength
t may be maintained at a certain rale of shear
omenon. jn slow tests, the residual shear
JS with respect to the ultimate shear strength:
;y_silts. The total shear strength along the
ogeneity and isotropy of the material and the

These conditions should be carefully in-
c is the statistical average of the maximum
/cly, that may be present at the instant of

determine the shear strength at the sliding
igular distortion under ultimate conditions,
us relative movement at the sliding surface,
n in piles or any other similar problem, the
:cific problem is the ultimate residual shear
lecimens under rates of loading compatible
subjected in the field.

; articles concerning shear strength for dif-
iroblcms, one can reach the conclusion that
shear strength of the material in question,

ignosis of the problem under conn'dcralion.
iwing the following engineering properties
il circumstances.

I and drainage surfaces.
uoperlies of the sediments, consolidation

ics of the problem

strength tests may he performed closely
eld. The time factor concerning the rate
;ild not be overlooked. This information
•lion with the loading history of the sedi-

f

11.4 SHEAR STRENGTH 141

mcnls and drainage affecting the potential surface of sliding. Therefore, the shear
strength has to be visualized for each one of the strata in consideration, which re-
quires knowledge about the effective stress normal to the surface of sliding, when
the real parameters cj and <pj ate used. To find the value of on at the potential
sliding surface, il is necessary to' estimate the pore water pressure in the soil exist-
ing at the onset of construction, and also the excess water pressure that may be gen-
erated upon load application and changes that may be expected to occur in thefuture.

A summary of the angles of internal friction expected in cohesionless materials is
given in Fig. I7-IM. \Ve note that the form of the grains, dimensions and relative
density D, are important factors in determining the value <pd. From Fig. I7-II.4
one can interpolate values for practical purposes. Moreover, from the practical
point of view for shear strength estimates in semi-impervious soils, il has been
found thai the shear strength parameter 0 under consolidalcd-undrained conditions
assumes (he following approximate values: in fine silly sands tf>cil =(2/.1)0(j and in
sills (1/2)0,). When the mass is an impervious material like clays and clayey silts,
and the load is applied without permitting important consolidation of the material,

46'

20- -

•• "•» ".» l.o

s Fig. 17-11.40; «of internal friction, f





Client: Skinner PRP Group
Pro jec t : Skinner RDI
Location: W e s t Chester. Ohio Prolect No: 72880.300
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MATERIAL DESCRIPTION

Brown CLAY, 20% silt, rock
fragments (FILL), plastic,
very hard, moist.

Brown CLAY, 15% silt, rock
fragments (FILL), plastic,
very stiff, camp.

Same, hare.

Same.

Pale yellow CLAY. 25% silt,
rock fragments (FILL S bedrock),
non-plastic, very hard, dry.

Limestone fragments with pale
yellow CLAY, 25% silt, non-
plastic, very hard, dry.

Limestone fragments with some
pale yellow clay. 30% silt,
plastic, hard, damp.

§!£

S3

SS

SS

•

SS

SS

SS

SS

-f.
UJ m
> .c
O o
CJ S
cr

B

10

8

12

15

8

8

sl
<=-,£•

BG

EG

EG

BG

EG

EG

BG

LOG

ELEV.
(MSI)

733.4 •
(UJ |

T*S e j

722.4-

OF BORING NO. B-64

STANDARD PENETRATION TEST DAT;
(blows/lt)

10 20 30 80

O A T E S T A R T E D : 10-20-94 D A T E FINISHED: 10-20-34

DRILLING METHOD: 4-1/4" ID Hollow S t e m A u g e r

SEOLOGIST: F. Eichler DRILLER: D. Roe lker

W A T E R LEVEL: --

\

/

/

\
\

\

\

*
\

\ %'

>

80 *

,»ICC
t

cc

ec

4£

\

NOTES:
SS = Sciit Soocn Sarcpe
NO = No Data Avaitefcte
EG = PID Dacxcraund is OS pea
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Client Skinner PRP Group
Pro jec t : Skinner RDI
Location: W e s t Chester, Ohio P ro tec t No: 72630.300
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f

O,

\
/.

£

MATERIAL DESCRIPTION

Limestone rragments wnn ciay
mixed. Drilling through random
limestone, silt, and clay.

Pale yellow SILT, 10% c:ay, 15%,
sand and limestone fragments,
non-plastic, hard, moist.

Pale yellow CLAY, 20% silt with
limestone fragments (FILL),
plastic, hard, moist.

Brown CLAY. 15% silt with
limestone fragments, plastic,
hard, damp.

Gray, fine to medium SAND with
trace limestone grave!, non-
plastic, hard, dry.

Same.

Gray, fine to medium SAND, 30%
fine grave!, 10% silt, ncn-
plastic, very -s t i f f , dry.

Gray, fine to medium SAND, 30%
fine gravel, non-plastic, hard,
dry.

UJ
_JUJ
D.Q.

CO

SS

S3

S3

SS

S3

S3

S3

SS

E vi
UJ 0)
> .c
O 0
CJ £
CC

2

12

12

4

15

15

4

8

*Z
°" —

D^

BG

BG

BG

BG

EG

BG

BG

LOG OF BORING NO. 6-64

ELEV.
MSL)

33.4

718.4 —

-

713.4-

708.4-

TANDARD PENETRATION TEST OA
(b lows/ f t ]

10 20 30 BOf

/

'

*

•

/

t

TA L .,

>
30 z

\
'100

48

1 «

40

45

>

34

30
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Client: Skinner PRP Group
Proiect : Skinner RDI
Location: W e s t Chester. Ohio P ro iec t No: 72880.300

1— 0)

UJ —

-

40-

45-

o

f* —

52c
12

MATERIAL DESCRIPTION

Dark gray, fine to course SAND,
25% silt, 10% fine grave!, non-
plastic, very st i f f , damp.

Gray, fine to medium SAND,
trace grave!, non-plastic,
hard, dry.

Gray and pale yellow, fine to
medium SAND, 15% silt, trace
fine grave!, non-plastic,
hard, damp.

Gray, fine to medium SAND,
20% fine gravel, non-plastic,
very hard, damp.

Gray, fine to medium SAND,
20% silt, trace gravel,
non-plastic, very s t i f f ,
moist.

Gray to dark gray, fine to
coarse SAND, 10% silt, traca
grave!, non-plastic, s t i f f ,
wet to saturated.

Boring terminated at 42 ft.

UJ
-JO)
O.C.

< 1—
CO

S3

SS

S3

S3

S3

>
CC'vi
UJ 0)
> c.
0 "
0 =
UJ —
cr

10

12
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8

8

8

°?
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EG
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EG

LOG OF BORING NO. B-64

ELEV.
(USD

733.4
UU|
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-
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iTANOARD PENETRATION TES~ DA
(b lows/ I t )

10 20 30 8C£

i
/

/
/

/
1

\

f

/

1

0 2

21

44

47

54

27

IS
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Client: Skinner PRP Group
Pro jec t : Skinner RDI
Location: W e s t Chester. Ohio Prolect No: 72880.300

i- '3
Q. 0)
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15-
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u
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MATERIAL DESCRIPTION

Lignt onve crown u.oy 3/4)
SILT, 20% sand, 5% rounded
gravael, 5% clay, hard, damp.
(TILL)

Light olive brown (2.5y 5/4),
silty SAND, poorly graded, fine
grained, interbedded with thin
strings of medium to coarse 2%
rounded gravel, st i f f , moist.

3" same
16" SAND, Moist to wet.

Same, gray (5y 5/1). saturated.

Boring terminated at 22 ft.

UJ
_|LU
C.O.

< \—
in

S3

S3

S3

S3

CC'w
UJ 0}
•> .c
O "
0 =
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LOG OF BORING NO. B-65

ELEV.
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3TANDARD PENETRATION TEST DA
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Client: Skinner PHP Group
Prolect: Skinner RDI
Location: W e s t Chester. Ohio
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Prolect No: 72680.300 ^06

MATERIAL DESCRIPTION

Slag with iron cinders,
orange staining, brown silty
lean clay with gravel. (FILL)

Dark yellowish brown (lOyr 3/6)
SAND, 20% CLAY, and grave! and
limestone fragments.

Dark brown SAND, 15% small
gravel, 10% clay, and some
limestone fragments.

Gray (lOyr 5/1) SAND. 25% clay
with fine gravel. (TILL)

Dark gray CLAY. 20% sa

Dark gray (5y 4/1) san<
CLAY with limestone
fragments and some gra

_. Dark gray sandy lean C
\with traces of grave!.

HG rock coring begins a
12.1 ft.
Limestone and weathers

Boring terminated at 14.

DATE S T A R T E D : 10-18-94

nd. (TILL

dy lean

vel. (TILL

LAY

t

id shale.

)

.)

1 ft.

Suj
§:£<t-w

SS

SS

SS

SS

SS

SS

CORE

RE
CO

VE
RY

(In
ch

es
)

8

•

12

12

8

g

4

18

sl11.3.

BG

BG

BG

BG

BG

EG

BG

ELEV.
(MSL)

889.5
W.) |

BQA c

873.5-

874.5-

OF BORING NO. B-73

STANDARD PENETRATION TEST DATA
(blows/11)

10 20 30 8080

DATE FINISHED: 10-18-94

DRILLING METHOD: 4-1/4" ID Hollow S tem A u g e r / NO Core

GEOLOGIST: P D. Thompson DRILLER : 0. Roe lker

W A T E R LEVEL: —

/

1

/

1
f

\

»
1

\

/

\

/

\

>
~

..? ico

At

- 29

*•—

33

2E

î

• ICC

NOTES:
SS = Split Spoon Saraoe
NO = No Data Avafebte
BG = Backyound
FID backgrcir.d is O2 ppm.
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DRILLING LOG
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DRiaiNG - DATE _/.
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DRILLING LOG

•'=N>.-. WELL NUMBER: $L6fl3QQ OWNER- I )_~ £
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(COLOR. TEXTURE, STRUCTURES)
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DRILLING LOG
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DRILLING LOG

WELL NUMBER:fil fc

LOCATION: l^g-hirtd •ac.ti'.'
OWNER: JJJL-l
ADDRESS:

."r'. OM

SURFACE ELEVATION:
TOTAL
WATER LEVEL:

DRILLING t\\ DRILLING
COMPANY: I' .QQ»>i METHOD:.
DRILLER: JL

LOGBY:_L

HELPER: "CM I''

DATE
nan I go-

NOTES:

DESCRIPTION /SOIL CLASSIFICATION
(COLOR. TEXTURE, STRUCTURES)

A.S.T.-.OI:



Client: Skinner PRP Group
Protect: Skinner RDI
Location: W e s t Chester. Ohio
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f
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Project No: 72880.300

o MATERIAL DESCRIPTION

2" Dark yellowish brown
SILT with 20% sand, 20%
gravel, hard, dry.
2" Limestone, crushed.
4" Same as top, dry.

Dark yellowish brown (10
SILT with 50% fine to lar
grave!, very hard, dry.

Yellowish brown (lOyr 5/
SILT with 5% fine grave!,
slightly plastic, very stif
dry.

Shelby tube description
bottom of tube is the sa
above with 10% gray mot

4rxdry.

(lOyr 4/4)
fine

yr 3/4)
92

5)

,

from •
me as
tling,

r~
'/ Pale olive (5y 6/3) with 10% gray
/ mottling CLAY with 20% silt,
/ 5% fine gravel, very stiff, dry.

's (TILL)

/
Q" Yellowish brown (lOyr 5/6) and
o< Pale olive (5y 6/3) SIL~ with
O 80% limestone cobbles.
0 ^
0°c=:
/ Light yellowish brown (2.5y 6/4)
/ SILT with 10% fine to medium
/ grave!, very herd, dry.

£If Auger refusal at 14.15 ft.
I/ HQ rock coring begins at 14.15..

DATE S T A R T E D : 10-10-94
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LOG OF BORING NO. GW-55

ELEV.
(Ma)

898.4
MJ |

833.4-

ROD A

STANDARD PENETRATION TE£T DAT
(blows/It)

10 20 30 8C

DATE FINISHED: 10-10-94

DRILLING METHOD: 4-1/4" ID Hollow S t e m A u g e r / HQ Core

GEOLOGIST: S. Poole DRILLER: J. Murphy

WATER LEVEL: --

\
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\
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\
N

A £
<
>

)BO =

s:

I
4;

\£

21

... 25

V

\

t-!C'-

NOTES:
S3 = Sdit Soocrt Sar:pfe
ST = Shelby TtCe Serrpa
NR = No Recovery
NO = No Data Available
P!D bacKcrcund Is QJ3 ppa
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Client: Skinner PHP Group
Project : Skinner RDI
Location: W e s t Chester. Ohio Pro jec t No: 72880.300
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MATERIAL DESCRIPTION

Top 2.5" of cora is crushed
limestone. Bottom 3.5" is fossil-
ferous gray limestone.

Boring terminated at 15.8 ft.

ID
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z><l-
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R
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Client: Skinner PRP Group
Project: Skinner RDI
Location: West Chester. Ohio

3:^!r <»o_ o,
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u
5U

|s
C3

Prolect No: 72680.300

MATERIAL DESCRIPTION

Pale yellow (2.5y 7/4) S
30% small to large grave
10% sand, non-plastic, h

Pale yellow (2.5y 7/4) S
20% fine to medium suba
gravel, laminar structure
very hard, dry.

Same, very stiff, dry.
Bag sample taken from ^

5" same, no partings, sti
9" SILT, 10% clay. 10% fii
subangular gravel, low pi
st i f f , moist.

Light olive brown (2.5y (
with subrounded gravel,
moist.

Light olive brown (2.5y
20% clay, 20% subangulc
2% sand, low plasticity, i
moist.

3" Same.
3" Limestone gravel.

ILT,
,

ard, dry.

ILT,
ngular
thin,

-7 ft.

ff. dry.
ie
asticity,

5/4) same,
very stiff,

5/4) SILT,
r gravel,
/ery stiff,

9" SAND, 10% silt, 10% grave!,
rounded, moist.

Light olive brown (2.5y 5/4) same
with 10% to 30% silt, very st i f f ,
damp.

Light olive brown (2.5y 5/4) SAND
5% silt, 5% fine subrounded grave!,
very st i f f , damp. Bag sample taken
from 16 to 18 ft,

DATE STARTED: 10-25-94
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LOG

ELEV.
(USD

732.2
(tU |

7

7

27.2-
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717.2-

OF BORING NO. B-65

STANDARD PENETRATION TEST DATA
(blows/11)

10 20 20 BOB

DATE FINISHED: 10-25-94

DRILLING METHOD: 4-1/4" ID Hollow Stem Auger

GEOLOGIST: S. Poole DRILLER: D. Roe lker

W A T E R LEVEL: —

NOTES:
SS = Spirt Spoon
ND = NoOataAvE
FID bacxcroir.d is
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Client: Skinner PRP Group
Pro ject : Skinner RDI
Location: W e s t Chester. Ohio Prolect No: 72680.300
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MATERIAL DESCRIPTION

Same, no silt, damp.

Same, damp.

Light olive brown (2.5y 5/4) CLAY,
10% fine to coarse rounded gravel,
5% silt, 2% sand, very hard, moist.
Sand seam at 22.5 ft. with black
Staining. (TILL)

3" Light olive brown (2.5y 5/4)
-\ CLAY, 10% silt. 10% gravel, dry. r

7" Light olive brown (2.5y 5/4), •
poorly graded SAND (SP). 20% silt
very hard, wet, very thin stringer

A of coarse sand at 27.5 ft.
Toorly graded SAND, medium to
coarse, 2% rounded gravel, hard,
wet to saturated.

Boring terminated at 30 ft.
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SS

ss

ss

ss

ss

ss

•

LLJ 0>
> c.
0 0
CJ =ai —
oc

12

a

7

12

3

10

22

°1
_

O.B

1.0

2.8

3.0

O.Q

1.8

0.45

LOG OF BORING NO. B-66
ELEV.
(MSL)

732.2
UU|

712.2-

7

-

-

-

702.2—

B97.2-

STANDARD PENETRATION TEST OATA^'N
(blows/It) '

10 20 30 80E

•/

y.
0 2

'100

' 100

• 1CNY

. ... 100

.* J

31

>—
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Client: Skinner PRP Group
Project: Skinner RDI
Location: Wes t Chester. Ohio Pro lect No: 72880.300

z —f »°- 0)
UJ —a —

-
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10—

o
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|2
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A->V

<-*r.
A->'/
<V:
A'>.-/
<-AV;
A->-/
<-/>y;

|
'//
f — ',

•*• — -•,

^ —— >

^ • •• •»

t t
i <

; !

f
> i

1 i
i i

I 1
i i

i i
1 i

MATERIAL DESCRIPTION

5" Dark brown clayey SAND.
6" Dark brown SAND with
limestone, orange staining.
4" Dark brown SAND with
gravel, orange staining. (FILL)

Dark brown clayey sandy SILT
with fragments of limestone
and some gravel. (TILL)

Medium gray weathered SHALE
with limestone fragments
and some gravel.

HQ rock coring begins at 6 ft.
3.5" Fossilferous weathered
LIMESTONE.
5" Weathered shale.
2" Broken pieces of weathered
shale.
Boring terminated at 8 ft.

Su
§:£•<>-
V)

SS

ss

SS

CORE

RE
CO

VE
RY

(In
ch

es
)

15

5

12

10.5

°1
U-3-

BG

BG

BG

BG

LOG

ELEV.
(Ma)

833.5
(ft.) |

8£

a

3Q C

0-3 C

OF BORING NO. B-74

STANDARD PENETRATION TEST DATA
(blows/It)

10 20 30 eca

D A T E STARTEn: 10-18-94 DATE FINISHED: 10-18-94

DRILLING METHOD: 4-1/4" ID Hol low S tem Auge r / NO Core

GEOLOGIST: P D. Thompson DRILLER: J. Murphy

WATER LEVEL: --

«

/

\
\

\

/
/

UJ

_i< 1
>

0 2 '

34

V

I ' lOO

- • 23

NOTES:
SS = Split Spoon Sarape
BG = Backg-ound
FID backcrotnd b 10 ppnu
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DRILLING LOG

"~ WELL NUMBER: 5 LfglO I
LOCATION: JOOVf

QWNEfr I).**, f (J A

ADDRESS-
'

L̂ .M Ĵl««V*Mî M» <ML*fcJE«L« n̂̂ &.̂ Î _^Ll__^̂ .̂

ron--̂  TOTAL DEPTH /•*/, 5
«• __ ^v* i *

. QM

SURFACE ELEVATXDN:JZP_LIL/—— WATER LEVEL:
DRILLING ,Y\ - - - - - - -
COMPANY: 1< lOQl g.

DRILLING.,
.

DRILLER: _£_Cl2m_I

LOG BY: /-. \NP\tf yf

HELPER:

. . DATE £•/,-/«.fi . / O> » t \f\ nan i CQ. 3// 5 / Xtfl

ip

SKETCH MAP

NOTES:

DESCHIPTTON/SOR. CLASSIFICATION
{COLOa TEXTURE. STRUCTURES)

brciLin fa Or s i'..a -:. -

ar,.d
n j avcu

i :
:-_f a. .:1 . - i i^

f i'}erous



Client: Skinner PRP Group
Prolect: Skinner RDI
Location: Wes t Chester. Ohio

^™ ft}a! '.°- i

5-

»

10-

j
= 0

I3

1
1

1
1

i
1

I

Prolect No: 72880.300 LOG OF BORING NO. GW~56

MATERIAL DESCRIPTION

Brown (IQyr 5/3) SILT, dry.
powdery, 5% organic material.

Same, Limestone last 2",dry.

Dark yellowish brown (IQyr 3/4)
SILT with 30% organic materials
(sticks, leaves, roots), dry.

Bottom 4" light gray limestone.

Dark yellowish Drown (lOyr 4/4)
SILT with 10% fine to coarse -
gravel, dry.

1" Light olive gray (5y 6/2) CLAY
with 10% fine to medium grave!,
and 2% sand with gray mottles,
high plasticity, damp.
Bag sample taken from 6-9 ft.

Auger refusal at 9 ft.
Begin HQ coring.
12" Fossilferous LIME5T
bedding planes every 0.
inches. Bedding surface

i separated by thin layer

ONE with
5 to 3
S
S Of

•~\ weathered shale. r
\ 3" Gray weathered shale.
\ 2" Limestone. |

Boring terminated at 11.0 ft.

DATE STARTED: 10-10-94

UJ
_|UJ
Q. Q_

<l—w

SS

ss

SS

ST

SS

CORE

RE
CO

VE
RY

(In
ch

es
)

5

7

8

2

8

17

sl0-3-

0.8

1.4

1.8

ND

0.8

o.a

ELEV.
(MSI)

B99.5
(1U |

RQ^f C

PRO ^

STANDARD PENETRATION TEST DAT
(blows/It)

10 20 30 QC

DATE FINISHED: 10-10-94

DRILLING METHOD: 4-\/4" ID Hollow Stem Auger / HQ Core

GEOLOGIST: S. Poole DRILLER: J. Murphy

WATER LEVEL: —

/
/

/
(

\
\

\•

A §
•«t

380 ~

; ' 100
/

(

27

23

45

NOTES:
S3 = Sclrt Soocn Scrape
ST » Shelby TIDE Sarape
NO* NoOata AvBfebte
PID bacXoround Is 0.4 ppn.
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Client: Skinner PRP Group
Project : Skinner RDI
Location: W e s t Chester. Ohio
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I , 't ii ti iii i1 •
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•

Prolect No: 72880.300 "~^^

MATERIAL DESCRIPTION

5" Dark brown clayey SAND.
6" Dark brown SAND with
limestone, orange staining.
4" Dark brown SAND with
gravel, orange staining. (FILL)

Dark brown clayey sandy SILT
with fragments of limestone
and some gravel. (TILL)

Medium gray weathered SHALE
with limestone fragments
and some gravel.

HQ rock coring begins at 6 ft.
3.5" Fossilferous weathered
LIMESTONE.
5" Weathered shale.
2" Broken pieces of weathered
shale. '
Boring terminated at 8 ft.

O A T E STARTED: 10-18-94

ujt ii i
2>-

ss

S3

SS

CORE

RE
CO

VE
RY

(In
ch

es
)

15

5

12

10.5

•5
U-.S-

BG

BG

BG

BG

ELEV.
(Ma)

893.5
(ft.) |

OQQ C

AQ*3 p-

OF BORING'NO. B-74

STANDARD PENETRATION TEST DATA
(blows/ft)

10 20 30 aoa

•

DATE FINISHED: 10-18-94

DRILLING METHOD: 4-1/4" ID Hollow S tem Auger / NQ Core

GEOLOGIST: P D. Thompson DRILLER: J. Murphy

W A ' E R LEVEL: —

*\

\
\

• - IV*.

P ^
• — ._

34

) ' 100

-• 28

*̂ M^

j

NOTES:
SS = Split Spoon Sarspfe
BG = Eackp-cund
FID background b 10 ppra.
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Client: Skinner PRP Group
Project : Skinner RDI
Location: W e s t Chester . Ohio
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Project No: 72680.300

MATERIAL DESCRIPTION

Grayish brown (lOyr 5/2) CLAY,
30% silt, 5% fine gravel, coal
fragments, bottom 2" pulverized
limestone, very stiff, dry.

Dark grayish brown (lOy
CLAY, 40% silt, fine lamir
darker brown, hard, dry.

K6" Limestone with thin in
of weathered shale. (2.f
dry.

r 4/2)
lae of

terbeds
5y 7/4). .-

Limestone, chipped , dry.

1.5" Pale olive (5y 6/3) CLAY
(weathered shale) with two thin

laminae of gray, very stiff, dry.
5% chips of shale.
1.5" Limestone.

Gray fossilferous LIMESTONE
Thin (<0.1) fractures every
2-4 inches.

Boring terminated at 9.9 ft.

DATE STARTED: 10-7-94

V)

SS

ss

SS

ss

Core

•

RE
CO

VE
RY

(In
ch

es
)

10

10

2

4

a

Q,
o-

0.1

0.4

1.2

0.0

O.I

LOG
ELEV.
(USD

839.1
((t.) |

a

E389.1-

OF BORING NO. B-75

STANDARD PENETRATION TEST DATA
(blows/It)

10 20 30 808

DATE FINISHED: 10-7-94

DRILLING METHOD: 4-1/4" ID Hollow Stem Auger / HQ Core

GEOLOGIST: S. Poole

W A T E R LEVEL: —

DRILLER: J. Murphy

;

1

LLJ

__r

o r

30

34

• • 3 3

23

NOTES:
SS = Split Spoon Sarcpe
PHD background is OJ ppra.
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Client: Skinner PRP Group
Prolect: Skinner RDI
Location: W e s t Chester. Ohio

D
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/
/

10-7-

1

1

Prolect No: 72880.300

3 MATE-HAL DESCRIPTION

Brown (lOyr 5/3) SILT, C
powdery, 5% organic mat

Same, Limestone last 2",<

Dark yellowish brown (10
SILT with 30% organic m
(sticks, leaves, roots), d

Bottom 4" light gray lime

Dark yellowish brown (10
SILT with 10% fine to co
gravel, dry.

ry,
erial.

yr 3/4)
aterials
ry.
stone.

yr 4/4)
arse •

/ 1" Light olive gray (5y 6/2) CLAY
/ with 10% fine to medium gravel,
/ and 2% sand with gray mottles,
/ high plasticity, damp.
/ Bag sample taken from 6-9 ft.

Auger rerusal at 9 ft.
Begin HQ coring.

-H 12" Fossilferous LIME3T
-H bedding planes every 0.
-H inches. Eedding surface
-h separated by thin layer

3NE with
5 to 3
c

S Of
— ~\ weathered shale. r

\ 3" Gray weathered shale.
\ 2" Limestone. |

Boring terminated at 11.0 ft.

D A T E STARTED: 10-10-94

Su,

en

S3

S3

S3

ST

£3

CORE

RE
CO

VE
RY

(In
ch

es
)

5

7

8

2

6

17

0,

—

0.8

1.4

1.3

NO

o.a

0.8

LOG OF BORING NO. GW-56

ELEV.
(MSL)

8S95
(It.) |

294.5-

(tO C !T

STANDARD PENETRATION "™ DATA
(blows/it)

10 20 20 2Q3

DATE FINISHED: 10-10-94

DRILLING METHOD: 4-1/4" ID Hollow Stem Auger/ HQ Core

GEOLOGIST: S. Poole DRILLER: J. Murphy

WATER LEVEL: —

•1

\

/

\

/

\m

S
>

0 ~

; ' IOO

27

23

45

^

NOTES:
S3 = Sdft Sooon Sarepia
ST = Shelby TUse Sercpe
NO = No Cata Avaitcbis
PID bac^croLind Is 0.4 ppa
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Client: Skinner PRP Group
Prolect : Skinner RDI
Location: W e s t Chester. Ohio
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Prolect No: 72880.300

MATERIAL DESCRIPTION

Brown (lOyr 4/3) SILT, stiff.
dry.

Dark brown (lOyr 3/3) SILT
with trace gravel, very
stiff , dry.

Brown (lOyr 5/3) SILT,
very st i f f , dry.

Limestone gravel.
c
c
c

_

Grayish brown (2.5y 5/2) CLAY,
^ hard, dry.
/

^
/
/
X

Grayish brown (2.5y 5/2) and
gray (2.5y 6/1) mottled SILT,
very hard, moist. Bag sample
taken from drill cuttings.

No recovery

D A T E S M A R T E D : 10-5-94

it ii it i

w

SS

SS

S3

SS

SS

S3

SS

>_
LU m
o &a =
cc

10

B

12

•

4

8

0.5

NR

°I
—

2.0

2.8

i a

1.8

1.8

1.8

NS

LOG OF BORING NO. GW-57

ELEV.
(MSL)

704.8
dtj i

B99.8-

-

-

B94.8-

STANDARD PENETRATION TEST DATA
(blows/It)

10 20 30 803

DATE FINISHED: 10-5-94

DRILLING METHOD: 4-1/4" ID Hollow Stem Augsr/ HO Core

GEOLOGIST: S. Poole

W A T E R LEVEL: —

DRILLER: J. Murphy

\
\

*

1
\
\

\

>

\
\

'

/

\
\

\

,

LJ

>
C

13

i

|

-- 25

; - IOO

33

\

' ICC

31

NOTES:
SS = Split Spoon Serape
NR = No Recovery
ND = No Data AvailaDfe
PH3 background Is \B ppa
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Client: Skinner PRP Group
Project: Skinner RDI
Location: W e s t Chester, Ohio Project No: 72680.300
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MATERIAL DESCRIPTION

7" Light gray (2.5y 7/2) SILT
_ with some sand, hard, saturated. r
\ 5" Limestone. |

Auger refusal at 15 ft.
Begin HQ coring.
8" Crushed LIMESTONE.
4" Limestone.
1/4" Weathered shale.
2" Limestone.

~\ 4" Weathered shale.
\ 3" Limestone.
\Bedding planes smooth.

Boring terminated at 17 ft.

t

UJ
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Q.Q.

cn

SS
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8
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TANDARD PENETRATION TEST DA
(blows/It)

10 20 30 808
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-23-96

RES
sectauq.dat
sectauq.out
sectauq.plt

PROBLEM DESCRIPTION Skinner-Sect AA-Undrained-Equake

BOUNDARY COORDINATES

9 Top Boundaries
16 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

X-Left
(ft)

2.00
13.00
30.00
62.00
81.00
98.00
110.00
125.00
208.00
98.00
2.00
52.00
180.00
2.00
50.00
180.00

Y-Left
(ft)

20.00
20.00
30.00
32.00
40.00
50.00
60.00
70.00
98.00
50.00
15.00
15.00
36.00
10.00
10.00
30.00

X-Right
(ft)

13.00
30.00
62.00
81.00
98.00
110.00
125.00
208.00
320.00
320.00
52.00
180.00
320.00
50.00
180.00
320.00

Y-Right Soil Type
(ft) Below End

20.00
30.00
32.00
40.00
50.00
60.00
70.00
98.00
98.00
76.00
15.00
36.00
44.00
10. 00
30.00
38.00

2
2
2
2
2
1
1
1
1
2
3
3
3
4
4
4

ISOTROPIC SOIL PARAMETERS

4 Type(s) of Soil



Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4

125.0
125.0
125.0
150.0

135.0
135.0
135.0
150.0

1500.0
.0

2000.0
8000.0

.0
36.0

.0

.0

.00

.00

.00

.00

0
0
,0
,0

1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. l Specified by 6 Coordinate Points

Point
No.

1
2
3
4
5
6

X-Water
(ft)

13.00
40.00
100.00
120.00
150.00
320.00

Y-Water
(ft)

20.00
25.00
30.00
35.00
40.00
56.00

A Horizontal Earthquake Loading Coefficient
Of .150 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified,

400 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X = 2.00 ft.

and X = 110.00 ft.

Each Surface Terminates Between X = 130.00 ft.
and X = 300.00 ft.



Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 10.00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 27 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

X-Surf
(ft)

41.79
51.41
61.14
70.97
80.88
90.84
100.83
110.83
120.82
130.77
140.67
150.49
160.21
169.82
179.28
188.58
197.70
206.61
215.31
223.77
231.96
239.89
247.51
254.83
261.83
268.48
269.58

Y-Surf
(ft)

30.74
28.00
25.71
23.88
22.51
21.61
21.17
21.20
21.69
22.65
24.08
25.96
28.30
31.09
34.33
38.00
42.11
46.63
51.57
56.91
62.63
68.74
75.20
82.02
89.17
96.63
98.00

Circle Center At X = 105.2 ; Y = 235.3 and Radius, 214.2

*** 1.221 ***

Failure Surface Specified By 26 Coordinate Points



Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

X-Surf
(ft)

53.16
62.86
72.66
82.54
92.48
102.46
112.46
122.46
132.43
142.37
152.25
162.05
171.75

. 181.33
190.78
200.07
209.19
218.11
226.83
235.32
243.57
251.55
259.26
266.68
273.80
279.42

Y-Surf
(ft)

31.45
29.03
27.05
25.50
24.40
23.74
23.52
23.75
24.43
25.54
27.10
29.09
31.52
34.38
37.66
41.36
45.47
49.98
54.88
60.16
65.82
71.83
78.20
84.90
91.93
98.00

Circle Center At X = 112.3 ; Y = 248.3 and Radius, 224.8

*** 1.288 ***

Failure Surface Specified By 32 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X-Surf
(ft)

13.37
23.30
33.26
43.24
53.23
63 .23
73.23
83.22
93.20
103.16
113.09
122.99
132.85
142.66
152.42

Y-Surf
(ft)

20.22
19.06
18.15
17.51
17.12
16.99
17.13
17.52
18.16
19.07
20.23
21.66
23.33
25.26
27.45



16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

162.12
171.75
181.31
190.79
200.19
209.49
218.70
227.80
236.79
245.66
254.41
'263.04
271.53
279.88
288.08
296.14
299.82

29.88
32.57
35.50
38.68
42.11
45.78
49.68
53.83
58.21
62.81
67.65
72.71
78.00
83.50
89.22
95.14
98.00

Circle Center At X = 63.2 ; Y = 403.3 and Radius, 386.4

*** 1.296 ***

Failure Surface Specified By 32 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

X-Surf
(ft)

13.37
23.31
33.27
43.25
53.25
63.25
73.25
83.24
93.21
103.17
113.10
122.99
132.84
142.65
152.41
162.10
171.73
181.28
190.76
200.15
209.45
218.65
227.75
236.74
245.62
254 .37
263.00
271.50
279.86

Y-Surf
(ft)

20.22
19.11
18.27
17.67
17.34
17.26
17.43
17.86
18.55
19.49
20.69
22.14
23.85
25.80
28.01
30.47
33.17
36.12
39.31
42.75
46.42
50.34
54.48
58.86
63.47
68.30
73.35
78.63
84.12



30
31
32

288.07
296.14
299.06

89.82
95.74
98.00

Circle Center At X = 61.4 ; Y = 407.5 and Radius, 390.3

*** 1.306 ***

Failure Surface Specified By 30 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

X-Surf
Cft)

13.37
23.30
33.25
43.23
53.23
63.23
73.22
83.21
93.18
103.12
113.02
122.89
132.69
142.44
152.12
161.73
171.25
180.68
190.01
199.23
208.34
217.32
226.18
234.89
243.47
251.89
260.15
268.25
276.17
283.20

Y-Surf
(ft)

20.22
19.01
18.09
17.46
17.12
17.06
17.29
17.81
18.61
19.70
21.08
22.74
24.68
26.91
29.42
32.20
35.26
38.59
42.19
46.05
50.18
54.57
59.22
64.12
69.27
74.66
80.30
86.17
92.27
98.00

Circle Center At X = 60.2 Y = 364.7 and Radius, 347.6

*** 1.314 ***

Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y-Surf



No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

(ft)

19.05
28.72
38.51
48.40
58.36
68.35
78.35
88.32
98.23
108.05
117.76
127.30
136.67
145.83
154.74
163.39
171.75
179.78
187.46
194.77
201.69
208.20
214.26
219.47

(ft)

23.56
20.99
18.97
17.49
16.58
16.23
16.43
17.20
18.53
20.41
22.84
25.80
29.30
33.32
37.85
42.87
48.37
54.33
60.73
67.55
74.77
82.37
90.32
98.00

Circle Center At X = 69.7 ; Y = 194.4 and Radius, 178.1

*** 1.323 ***

Failure Surface Specified By 25 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

36.11
45.79
55.59
65.47
75.41
85.40
95.40

105.39
115.35
125.25
135.07
144.79
154.38
163.83
173.10
182.18
191.04
199.66
208.03

30.38
27 .89
25.87
2 4 . 3 4
23.29
22 .73
22.66
23 .07
23.98
25.37
27.24
29.59
32.41
35.70
39.45
43.65
48.28
53.34
58.82



20
21
22
23
24
25

216.12
223.91
231.38
238.53
245.32
250.39

64.70
70.97
77.61
84.61
91.95
98.00

Circle Center At X = 91.9 ; Y = 227.1 and Radius, 204.5

*** 1.324 ***

Failure Surface Specified By 20 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

X-Surf
(ft)

2.00
11.86
21.80
31.78
41.78
51.76
61.67
71.48
81,16
90.66
99.96
109.02
117.80
126.28
134.42
142.19
149.57
156.52
163.02
167.80

Y-Surf
(ft)

20.00
18.31
17.21
16.73
16.85
17.57
18.91
20.84
23.36
26.47
30.15
34.38
39.16
44.47
50.28
56.57
63.32
70.51
78.11
84.44

Circle Center At X = 34.8 ; Y = 181.3 and Radius, 164.6

*** 1.345 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4
5

X-Surf
( f t )

53.16
62 .87
72 .70
82.60
92 .56

Y-Surf
( f t )

31.45
29 .08
2 7 . 2 0
25.83
24 .96



6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

102.56
112.56
122.53
132.47
142.33
152.10
161.74
171.24
180.56
189.70
198.61
207.28
215.69
223.82
231.64
239.13
246.28
253.06
258.28

24.59
24.73
25.38
26.53
28.19
30.34
32.98
36.11
39.72
43.79
48.32
53.30
58.71
64.54
70.78
77.40
84.39
91.74
98.00

Circle Center At X = 104.8 ; Y = 221.9 and Radius, 197.3

*** 1.356 ***

Failure Surface Specified By 32 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

X-Surf
(ft)

2.00
11.94
21.91
31.90
41.89
51.89
61.89
71.88
81.85
91.81
101.73
111.62
121.47
131.27
141.02
150.70
160.32
169.87
179.34
188.73
198.02
207.22
216.31
225.29
234.16
242.91
251.54

Y-Surf
(ft)

20.00
18.94
18.14
17.59
17.29
17.25
17.47
17.94
18.66
19.64
20.87
22.35
24.08
26.07
28.30
30.78
33.51
36.48
39.70
43.15
46.84
50.77
54.93
59.32
63.94
68.78
73.85



260.03
268.38
276.59
284.65
286.92

79.13
84.62
90.33
96.25
98.00

28
29
30
31
32

Circle Center At X = 48.5 ; Y = 409.7 and Radius, 392.5

*** 1.360 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-23-96

RES
sectadq.dat
sectadq.out
sectadq.plt

PROBLEM DESCRIPTION Skinner-Sect AA-Drained-Equake

BOUNDARY COORDINATES

9 Top Boundaries
16 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

X-Left
(ft)

2.00
13.00
30.00
62.00
81.00
98.00
110.00
125.00
208.00
98.00

2.00
52.00
180.00

2.00
50.00
180.00

Y-Left
(ft)

20.00
20.00
30.00
32.00
40.00
50.00
60.00
70.00
98.00
50.00
15.00
15.00
36.00
10.00
10.00
30.00

X-Right
(ft)

13.00
30.00
62.00
81.00
98.00
110.00
125.00
208.00
320.00
320.00
52.00
180.00
320.00
50.00
180.00
320.00

Y-Right Soil Type
(ft) Below End

20.00
30.00
32.00
40.00
50.00
60.00
70.00
98.00
98.00
76.00
15.00
36.00
44.00
10. 00
30.00
33.00

2
2
2
2
2
1
1
1
1
2
3
3
3
4
4
4

ISOTROPIC SOIL PARAMETERS

4 Type(s) of Soil



I

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Parara. (psf) No.

1
2
3
4

125.0
125.0
125.0
150.0

135.0
135.0
135.0
150.0

750.0
.0

1000.0
8000.0

19.0
38!o
20.0

.0

.00

.00

.00

.00

,0
,0
,0
,0

1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 6 Coordinate Points

Point
No.

1
2
3
4
5
6

X-Water
(ft)

13.00
40.00
100.00
120.00
150.00
320.00

Y-Water(ft)
20.00
25.00
30.00
35.00
40.00
56.00

A Horizontal Earthquake Loading Coefficient
Of .150 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified

400 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X = 2.00 ft.

and X = 110.00 ft.

Each Surface Terminates Between X = 130.00 ft.
and X = 300.00 ft.



Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 10.00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 18 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

X-Surf
(ft)

2.00
11.76
21.65
31.63
41.63
51.59
61.48
71.22
80.76
90.05
99.05
107.68
115.92
123.71
131.01
137.78
143.97
149.27

Y-Surf
(ft)

20.00
17.81
16.35
15.64
15.68
16.46
17.99
20.25
23.24
26.93
31.31
36.35
42.02
48.29
55.12
62.49
70.33
78.19

Circle Center At X = 36.1 ; Y = 149.1 and Radius, 133.5

*** 1.244 ***

Failure Surface Specified By 20 Coordinate Points

Point
No.

1
2
3
4
5

X-Surf
(ft)

2.00
11.86
21.80
31.78
41.78

Y-Surf
(ft)

20.00
18.31
17.21
16.73
16.85



6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

51.76
61.67
71.48
81.16
90.66
99.96
109.02
117.80
126.28
134.42
142.19
149.57
156.52
163.02
167.80

17.57
18.91
20.84
23.36
26.47
30.15
34.38
39.16
44.47
50.28
56.57
63.32
70.51
78.11
84.44

Circle Center At X = 34.8 ; Y = 181.3 and Radius, 164.6

*** 1.245 ***

Failure Surface Specified By 18 Coordinate Points

X-Surf
(ft)

Y-Surf
(ft)

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Circle Center At X = 34.4 ; Y = 154.5 and Radius, 138.3

2.00
11.80
21.72
31.70
41.70
51.66
61.53
71.26
80.80
90.09
99.09

107.75
116.03
123.88
131.27
138.15
144.48
149.84

20.00
18.01
16.74
16.19
16.36
17.25
18.86
21.17
24.19
27.88
32.24
37 .24
4 2 . 8 4
49 .04
55.78
63.04
70.78
78.38

*** 1.246 ***

Failure Surface Specified By 18 Coordinate Points

Point X-Surf Y-Surf



Failure Surface Specified By 23 Coordinate Points

X-Surf
(ft)

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Circle Center At X =

Y-Surf
(ft)

7.68
17.48
27.38
37.34
47.34
57.33
67.30
77.20
87.02
96.70

106.23
115.58
124.70
133.59
142.20
150.50
158.48
166.11
173.36
180.21
186.64
192.62
194.60

20.00
18.00
16.56
15.69
15.37
15.62
16.44
17.82
19.75
22.24
25.26
28.83
32.91
37.50
42.59
48.16
54.18
60.65
67.54
74.82
82.49
90.50
93.48

47.9 ; Y = 192.3 and Radius, 177.0

*** 1.334 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

.1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X-Surf
(ft)

Y-Surf
(ft)

19.05
28.72
38.51
48.40
58.36
68.35
78.35
88.32
98.23

108.05
117.76
127.30
136.67
145.83
154.74

23.56
20.99
18.97
17.49
16.58
16.23
16.43
17.20
18.53
20.41
2 2 . 8 4
25 .80
29 .30
33.32
37.85



No. (ft) (ft)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

7.68
17.50
27.43
37.42
47.42
57.36
67.20
76.88
86.35
95.55

104.43
112.95
121.06
128.71
135.86
142.48
148.52
151.87

20.00
18.10
16.93
16.50
16.81
17.86
19.65
22.16
25.39
29.30
33.89
39.13
44.98
51.42
58.41
65.91
73.88
79.07

Circle Center At X = 38.2 ; Y = 151.2 and Radius, 134.7

*** 1.246 ***

Failure Surface Specified By 18 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

X-Surf
(ft)

2.00
11.81
21.74
31.73
41.72
51.67
61.51
71.19
80.66
89.87
98.75
107.27
115.38
123.03
130.17
136.77
142.79
144.68

Y-Surf
(ft)

• 20.00
18.06
16.85
16.39
16.67
17.70
19.47
21.97
25.18
29.09
33.67
38.91
44.77
51.21
58.21
65.72
73.70
76.64

Circle Center At X = 32.9 ; Y = 150.3 and Radius, 134.0

*** 1.253 ***



16
17
18
19
20
21
22
23
24

163.39
171.75
179.78
187.46
194.77
201.69
208.20
214.26
219.47

42.87
48.37
54 . 33
60.73
67.55
74.77
82.37
90.32
98.00

Circle Center At X = 69.7 ; Y = 194.4 and Radius, 178.1

*** 1.343 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

64.53
74.53
84.46
94.19
103.56
112.42
120.64
128.09
134.67
140.26
141.76

Y-Surf
(ft)

33.06
32.93
34.04
36.37
39.87
44.51
50.20
56.87
64.40
72.69
75.66

Circle Center At X = 70.6 ; Y = 113.7 and Radius,80.9

*** 1.356 ***

Failure Surface Specified By 12 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

58.84
68.81
78.80
88.67
98.26
107.44
116.07
124.03
131.20
137.47
142.76

Y-Surf
(ft)

31.80
31.04
31.49
33.14
35.97
39.94
44.99
51.04
58.01
65.80
74.29



12 143.70 76.31

Circle Center At X = 70.1 ; Y = 113.6 and Radius, 82.6

*** 1.360 *** v"*Vv

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

X-Surf(ft)
47.47
57.43
67.43
77.38
87.21
96.81
106.10
115.00
123.43
131.30
138.56
145.14
150.97
151.47

Y-Surf
(ft)

31.09
30.13
30.12
31.06
32.94
35.74
39.43
43.99
49.38
55.54
62.41
69.95
78.07
78.93

Circle Center At X = 62.5 ; Y = 135.4 and Radius, 105.4

*** 1.361 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-23-96

RES
sectaub.dat
sectaub.out
sectaub.plt

PROBLEM DESCRIPTION Skinner-Sect AA-Undrained-Block

BOUNDARY COORDINATES

9 Top Boundaries
16 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

X-Left
(ft)

2.00
13.00
30.00
62.00
81.00
98.00
110.00
125.00
208.00
98.00
2.00
52.00
180.00
2.00
50.00
180.00

Y-Left
(ft)

20.00
20.00
30.00
32.00
40.00
50.00
60.00
70.00
98.00
50.00
15.00
15.00
36.00
10.00
10.00
30.00

X-Right
(ft)

13.00
30.00
62.00
81.00
98.00
110.00
125.00
208.00
320.00
320.00
52.00
180'. 00
320.00
50.00
180.00
320.00

Y-Right Soil Type
(ft) Below Bnd

20.00
30.00
32.00
40.00
50. 00
60.00
70.00
98.00
98.00
76.00
15.00
36.00
44.00
10.00
30.00
38.00

2
2
2
2
2
1
1
1
1
2
3
3
3
4
4
4

ISOTROPIC SOIL PARAMETERS

4 Type(s) of Soil



Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4

125.0
1̂ 5.0
125.0
150.0

135.0
135.0
135.0
150.0

1500.0
.0

2000.0
8000.0

.0
36.0

.0

.0

.00

.00

.00

.00

0
0
0
0

1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 6 Coordinate Points

Point
No.

1
2
3
4
5
6

X-Water
(ft)

13.00
40.00
100.00
120.00
150.00
320.00

Y-Water(ft)
20.00
25.00
30.00
35.00
40.00
56.00

A Horizontal Earthquake Loading Coefficient
Of .000 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

The Active And Passive Portions Of The Sliding Surfaces
Are Generated According To The Rankine Theory.

200 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of



Sliding Block Is 10.0

Box
No.

1
2

X-Left(ft)
52.00
144.00

Y-Left
(ft)

15.00
30.00

X-Right(ft)
92.00
200.00

Y-Right
(ft)

22.00
40.00

Height
(ft)

10. 00
10.00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 16 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

X-Surf
(ft)

51.65
58.19
67.10
76.01
78.96
177.12
179.18
183.72
188.26
192.00
199.07
206.14
213.21
220.28
227.35
228.99

Y-Surf
(ft)

31.35
28.02
23.48
18.94
15.99
33.80
35.87
44.78
53.69
61.01
68.08
75.15
82.22
89.29
96.36
98.00

*** 1.611 ***

Failure Surface Specified By 15 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8

X-Surf
(ft)

49.07
56.01
64.92
73.83
77.75
188.12
192.66
197.20

Y-Surf
(ft)

31.19
27.66
23.12
18.58
14.66
36.60
45.51
54.42



9
10
11
12
13
14
15

201.10
208.17
215.24
222.31
229.38
236.45
237.02

62.07
69.15
76.22
83.29
90.36
97.43
98.00

*** 1.614 ***

Failure Surface Specified By 16 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

*** 1.618 ***

Failure Surface Specified By 15 Coordinate Points

42 .24
50.20
59.11
68.02
71.77

184.56
186.01
190.55
195.09
198.99
206.06
213.13
220.20
227.27
234.35
235.16

30.76
26.71
22.17
17.63
13.87
34.90
36.34
45.25
54.16
61.83
68.90
75.97
83.04
90.11
97.18
98.00

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12

X-Surf
(ft)

50.44
56.80
65.71
74.62
176.74
179.50
184.04
188.58
192.30
199.37
206.44
213.51

Y-Surf
(ft)

31.28
28.03
23.49
18.95
33.16
35.92
44.83
53.74
61.04
68.12
75.19
82.26



*** 1.636 ***

Failure Surface Specified By 16 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

X-Surf
(ft)

60.
65'.
74.
83.
85.
175.
176.
181.
186.
189.
196.
203.
211.
218.
225.
227.

45
67
58
49
09
65
97
51
05
84
91
98
05
13
20
09

Y-Surf
(ft)

31.90
29.25
24.71
20.17
18.56
34.18
35.50
44.41
53.32
60.76
67.83
74.90
81.97
89.04
96.11
98.00

*** 1.640 ***

Failure Surface Specified By 15 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

63.66
69.27
78.18
87.09
87 .24

190.47
193.84
198.38
2 0 2 . 9 2
207.08
214.15
221.23
228.30
235.37
242 .31

32.70
29.84
25.30
20.76
20.61
33.41
36.79
45.70
54.61
62.78
69.85
76.92
83.99
91.06
98.00

*** 1.646 ***



13 220.58 89.33
14 227.66 96.40
15 229.26 98.00

*** 1.634 ***

Failure Surface Specified By 15 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X-Surf
(ft)

36.90
43.80
52.71
61.62
175.59
180.39
184.93
189.47
193.19
200.26
207.33
214.40
221.47
228.55
230.04

Y-Surf
(ft)

30.43
26.92
22.38
17.84
31.23
36.02
44.93
53.84
61.15
68.22
75.29
82.36
89.43
96.50
98.00

*** 1.635 ***

Failure Surface Specified By 15 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X-Surf(ft)
41.96
47.39
56.30
65.21
171.87
176.64
181.18
185.72
189.52
196.59
203.66
210.73
217.80
224.87
226.80

Y-Surf
(ft)

30.75
27.98
23.44
18.90
30.68
35.45
44.36
53.27
60.72
67.79
74.86
81.93
89.00
96.07
98.00



Failure Surface Specified By 16 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

61.06
66.19
75.10
84.01
86.15

169.69
171.60
176.14
180.68
184.60
191.67
198.74
205.81
212.88
219.96
2 2 2 . 4 6

31.94
29.33
24.79
20.25
18.11
32.71
34 .62
43.53
52.44
60.14
67.21
74.28
81.36
88.43
95.50
98.00

*** 1.649 ***

Failure Surface Specified By 16 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

37.36
46 .06
54.97
63.88
65.95

175.98
180.11
184.65
189.19
192.90
199.97
207.05
214.12
221.19
228 .26
229 .79

30 .46
26 .03
21.49
16.95
14.88
31.87
36.01
44 .92
53.83
61.11
68.19
75.26
82.33
89.40
96.47
98.00

*** 1.651 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-23-96

RES
sectaubq.dat
sectaubq.out
sectaubq.plt

PROBLEM DESCRIPTION Skinner-Sect AA-Undrained-Block-Equake

BOUNDARY COORDINATES

9 Top Boundaries
16 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

X-Left
(ft)

2.00
13.00
30.00
62.00
81.00
98.00
110.00
125.00
208.00
98.00
2.00
52.00
180.00
2.00
50.00
180.00

Y-Left
(ft)

20.00
20.00
30.00
32.00
40.00
50.00
60.00
70.00
98.00
50.00
15.00
15.00
36.00
10.00
10.00
30.00

X-Right
(ft)

13.00
30.00
62.00
81.00
98.00
110.00
125.00
208.00
320.00
320.00
52.00
180.00
320.00
50.00
180.00
320.00

Y-Right
(ft)

20.00
30.00
32.00
40.00
50.00
60.00
70.00
98.00
98.00
76.00
15.00
36.00
44.00
10.00
30.00
38.00

Soil Type
Below End

2
2
2
2
2
1
1
1
1
2
3
3
3
4
4
4

ISOTROPIC SOIL PARAMETERS

4 Type(s) of Soil



I ._____

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4

125.0
125.0
125.0
150.0

135.0
135.0
135.0
150.0

1500.0
.0

2000.0
8000.0

.0
36.0

.0

.0

.00

.00

.00

.00

.0

.0

.0

.0

1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 6 Coordinate Points

Point
No.

1
2
3
4
5
6

X-Water
(ft)

13.00
40.00
100.00
120.00
150.00
320.00

Y-Water(ft)
20.00
25.00
30.00
35.00
40.00
56.00

A Horizontal Earthquake Loading Coefficient
Of .150 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = . 0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

The Active And Passive Portions Of The Sliding Surfaces
Are Generated According To The Rankine Theory.

200 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of



Sliding Block Is 10.0

Box
No.

1
2

X-Left
(ft)

52.00
144.00

Y-Left
(ft)

15.00
30.00

X-Right
(ft)

92.00
200.00

Y-Right
(ft)

22.00
40.00

Height
(ft)

10.00
10.00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 15 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

*** 1.130 ***

Failure Surface Specified By 16 Coordinate Points

49.07
56.01
64.92
73.83
77.75

188.12
192.66
197.20
201.10
208.17
215.24
222.31
229.38
236 .45
237 .02

31.19
27.66
23.12
18.58
14.66
36.60
45.51
54.42
62.07
69.15
76.22
83.29
90.36
97.43
98.00

Point
No.

1
2
3
4
5
6
7
8
9

X-Surf
(ft)

42.24
50.20
59.11
68.02
71.77
184.56
186.01
190.55
195.09

Y-Surf
(ft)

30.76
26.71
22.17
17.63
13.87
34.90
36.34
45.25
54.16



10
11
12
13
14
15
16

198.99
206.06
213.13
220.20
227.27
234.35
235.16

61.83
68.90
75.97
83.04
90.11
97.18
98.00

*** 1.134 ***

Failure Surface Specified By 15 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

63.66
69.27
78.18
87.09
87.24

190.47
193.84
198.38
202.92
207.08
214.15
221.23
228.30
235.37
242.31

32.70
29.84
25.30
20.76
20.61
33.41
36.79
45.70
54.61
62.78
69.85
76.92
83.99
91.06
98.00

*** 1.137 ***

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

33.34
41.53
50.44
59.35
192.55
193.85
198.39
202.93
207.09
214.16
221.23
228.31
235.38

Y-Surf
(ft)

30.21
26.03
21.49
16.95
35.48
36.79
45.70
54.61
62.78
69.85
76.92
83.99
91.06



14 242.32 98.00

*** 1.140 ***

Failure Surface Specified By 15 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

36.
43.
52.
61.

175.
180.
184.
189.
193.
200.
207.
214.
221.
228.
230.

90
80
71
62
59
39
93
47
19
26
33
40
47
55
04

30.
26.
22.
17.
31.
36.
44.
53-.
61.
68.
75.
82.
89.
96.
98.

43
92
38
84
23
02
93
84
15
22
29
36
43
50
00

*** 1.143 ***

Failure Surface Specified By 16 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

51
58
67
76
78
177
179
183
188
192
199
206
213
220
227
228

.65

.19

.10

.01

.96

.12

.18

.72

.26

.00

.07

.14

.21

.28

.35

.99

31.35
28.02
23.48
18.94
15.99
33.80
35.87
44.78
53.69
61.01
68.08
75.15
82.22
89.29
96.36
98.00

*** i.144 ***



Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

X-Surf
(ft)

28.17
34.50
43.41
52.32
194.95
196.65
201.19
205.73
209.98
217.06
224.13
231.20
238.27
244.87

Y-Surf
(ft)

28.93
25.70
21.16
16.62
35.25
36.95
45.86
54.77
63.12
70.19
77.26
84.33
91.40
98.00

*** 1.146 ***

Failure Surface Specified By 15 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X-Surf
(ft)

28.25
35.55 '
44.46
53.37
188.99
191.88
196.42
200.96
205.06
212.13
219.20
226.27
233.34
240.42
240.52

Y-Surf
(ft)

28.97
25.25
20.71
16.17
33.79
36.68
45.59
54.50
62.54
69.61
76.68
83.75
90.82
97.89
98.00

*** 1.149 ***

Failure Surface Specified By 15 Coordinate Points



Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X-Surf
(ft)

41.96
47.39
56.30
65.21
171.87
176.64
181.18
185.72
189.52
196.59
203.66
210.73
217.80
224.87
226.80

Y-Surf
(ft)

30.75
27.98
23.44
18.90
30.68
35.45
44.36
53.27
60.72
67.79
74.86
81.93
89.00
96.07
98.00

*** 1.151 ***

Failure Surface Specified By 15 Coordinate Points

Point
No.

l
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X-Surf
(ft)

50.44
56.80
65.71
74.62
176.74
179.50
184.04
188.58
192.30
199.37
206.44
213.51
220.58
227.66
229.26

Y-Surf
(ft)

31.28
28.03
23.49
18.95
33.16
35.92
44.83
53.74
61.04
68.12
75.19
82.26
89.33
96.40
98.00

*** i.153 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date: 1-23-96
Time of Run:
Run By: RES
Input Data Filename: sectad.dat
Output Filename: sectad.out
Plotted Output Filename: sectad.plt

PROBLEM DESCRIPTION Skinner-Sect AA-Drained

BOUNDARY COORDINATES

9 Top Boundaries
16 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

X-Left
(ft)

2.00
13.00
30.00
62.00
81.00
98.00
110.00
125.00
208.00
98.00
2.00
52.00
180.00
2.00
50.00
180.00

Y-Left
(ft)

20.00
20.00
30.00
32.00
40.00
50.00
60.00
70.00
98.00
50.00
15.00
15.00
36.00
10.00
10.00
30.00

X-Right
(ft)

13.00
30.00
62.00
81.00
98.00
110.00
125.00
208.00
320.00
320.00
52.00
180.00
320.00
50.00
180.00
320.00

Y-Right
(ft)

20.00
30.00
32.00
40.00
50.00
60.00
70.00
98.00
98.00
76.00
15.00
36.00
44.00
10.00
30.00
38.00

Soil Type
Below Bnd

2
2
2
2
2
1
1
1
1
2
3
3
3
4
4
4

ISOTROPIC SOIL PARAMETERS

4 Type(s) of Soil



Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (cleg) Param. (psf) No.

1
2
3
4

125.0
125.0
125.0
150.0

135.0
135.0
135.0
150.0

750.0
.0

1000.0
8000.0

19.0
38.0
20.0

.0

.00

.00

.00

.00

0
0
0
0

1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 6 Coordinate Points

Point
No.

1
2
3
4
5
6

X-Water
(ft)

13.00
40.00
100.00
120.00
150.00
320.00

Y-Water
(ft)

20.00
25.00
30.00
35.00
40.00
56.00

A Horizontal Earthquake Loading Coefficient
Of .000 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

400 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X = 2.00 ft.

and X = 110.00 ft.

Each Surface Terminates Between X = 130.00 ft.
and X = 300.00 ft.



Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 10.00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf(ft)
64.53
74.53
84.46
94.19
103.56
112.42
120.64
128.09
134.67
140.26
141.76

Y-Surf
(ft)

33.06
32.93
34.04
36.37
39.87
44.51
50.20
56.87
64.40
72.69
75.66

Circle Center At X = 70.6 ; Y = 113.7 and Radius, 80.9

*** 1.774 ***

Failure Surface Specified By 12 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12

X-Surf
(ft)

58.84
68.81
78.80
88.67
98.26
107.44
116.07
124.03
131.20
137.47
142.76
143.70

Y-Surf
(ft)

31.80
31.04
31.49
33.14
35.97
39.94
44.99
51.04
58.01
65.80
74.29
76.31



Circle Center At X = 70.1 ; Y = 113.6 and Radius, 82.6

*** 1.788 ***

Failure Surface Specified By 20 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

X-Surf
(ft)

2.00
11.86
21.80
31.78
41.78
51.76
61.67
71.48
81.16
90.66
99.96
109.02
117.80
126.28
134.42
142.19
149.57
156.52
163.02
167.80

Y-Surf
(ft)

20.00
18.31
17.21
16.73
16.85
17.57
18.91
20.84
23.36
26.47
30.15
34.38
39.16
44.47
50.28
56.57
63.32
70.51
78.11
84.44

Circle Center At X = 34.8 ; Y = 181.3 and Radius, 164.6

*** 1.796 ***

Failure Surface Specified By 18 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11

X-Surf
(f t )

7.68
17.50
27 .43
37.42
47 .42
57.36
67.20
76.88
86.35
95.55

104.43

Y-Surf
( f t )

20 .00
18.10
16.93
16.50
16.81
17.86
19.65
22.16
25.39
29.30
33.89



12
13
14
15
16
17
18

Circle Center At X = 38.2 ; Y = 151.2 and Radius, 134.7

112.95
121.06
128.71
135.86
142.48
148.52
151.87

39.13
44.98
51.42
58.41
65.91
73.88
79.07

*** 1.806 ***

Failure Surface Specified By 14 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Circle Center At X = 62.5 ; Y = 135.4 and Radius, 105.4

47.47
57.43
67.43
77.38
87.21
96.81

106.10
115.00
123.43
131.30
138.56
145.14
150.97
151.47

31.09
30.13
30.12
31.06
32.94
35.74
39.43
43.99
49.38
55.54
62.41
69.95
78.07
78.93

*** 1.809 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10

X-Surf
(ft)

70.21
80.20
90.16
99.90
109.23
117.98
125.97
133.05
139.09
143 .96

Y-Surf
(ft)

35.46
34.96
35.86
38.12
41.71
46.56
52.58
59.64
67.61
76.34



11 143.98 76.40

Circle Center At X = 78.7 ; Y = 107.0 and Radius, 72.1

*** 1.810 ***

Failure Surface Specified By 10 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10

X-Surf(ft)
70.21
80.15
89.94
99.46
108.62
117.33
125.50
133.04
139.88
144.80

Y-Surf
(ft)

35.46
36.53
38.60
41.66
45.66
50.58
56.35
62.91
70.21
76.68

Circle Center At X = 64.6 ; Y = 133.8 and Radius, 98.5

*** 1.814 ***

Failure Surface Specified By 18 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

X-Surf
(ft)

Y-Surf
(ft)

2 .00
11.80
21.72
31.70
41.70
51.66
61.53
71.26
80.80
90.09
99.09

107.75
116.03
123.88
131.27
138.15
144.48
149.84

20 .00
18.01
16.74
16.19
16.36
17.25
18.86
21.17
24.19
27.88
32 .24
37 .24
42 .84
49.04
55.78
63.04
70.78
78.38

Circle Center At X = 34.4 ; Y = 154.5 and Radius, 138.3



*** 1.815 ***

Failure Surface Specified By 9 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

X-Surf
(ft)

70.21
80.21
90.06
99.49
108.25
116.12
122.88
128.36
130.30

Y-Surf
(ft)

35.46
35.58
37.33
40.65
45.47
51.64
59.01
67.38
71.79

Circle Center At X = 74.4 ; Y = 96.7 and Radius, 61.3

*** 1.816 ***

Failure Surface Specified By 12 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12

X-Surf
(ft)

47.47
57.45
67.44
77.33
87.00
96.33
105.20
113.49
121.12
127.99
134.00
136.07

Y-Surf
(ft)

31.09
30.33
30.69
32.15
34.70
38.30
42.93
48.50
54.97
62.24
70.23
73.73

Circle Center At X = 59.3 ; Y = 120.2 and Radius, 89.9

*** 1.816 ***
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Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

X-Surf
(ft)

35.92
43.64
52.63
61.62
175.59
178.80
183.18
187.56
191.04
196.84
202.65
208.46
214.26
217.50

Y-Surf
(ft)

30.37
26.61
22.22
17.84
31.23
35.80
44.79
53.78
60.90
69.04
77.18
85.32
93.46
98.00

*** 1.310 ***

Failure Surface Specified By 15 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X-Surf
(ft)

59.27
65.29
74.28
83.26
86.15
169.69
170.95
175.33
179.72
183 .38
189.19
194.99
200.80
206.61
210.48

Y-Surf
(ft)

31.83
28.90
24.51
20.13
18.11
32.71
34.52
43.50
52.49
60.00
68: 14
76.28
84.42
92.56
98.00

*** 1.311 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-23-95

RES
sectadb.dat
sectadb.out
sectadb.plt

PROBLEM DESCRIPTION Skinner-Sect AA-Drained-Block

BOUNDARY COORDINATES

9 Top Boundaries
16 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

X-Left
(ft)

2.00
13.00
30.00
62.00
81.00
98.00
110.00
125.00
208.00
98.00
2.00
52.00
180.00
2.00
50.00
180.00

Y-Left
(ft)

20.00
20.00
30.00
32.00
40.00
50.00
60.00
70.00
98.00
50.00
15.00
15.00
36.00
10.00
10.00
30.00

X-Right
(ft)

13.00
30.00
62.00
81.00
98.00
110.00
125.00
208.00
320.00
320.00
52.00
180.00
320.00
50.00
180.00
320.00

Y-Right Soil Type
(ft) Below End

20.00
30.00
32.00
40.00
50.00
60.00
70.00
98.00
98.00
76.00
15.00
36.00
44.00
10.00
30.00
38.00

2
2
2
2
2
1
1
1
1
2
3
3
3
4
4
4

ISOTROPIC SOIL PARAMETERS

4 Type(s) of Soil



T... ___

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4

125.0
125.0
125.0
150.0

135.0
135.0
135.0
150.0

750.0
.0

1000.0
8000.0

19.0
38.0
20.0

.0

.00

.00

.00

.00

,0
,0
,0
,0

1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 6 Coordinate Points

Point
No.

1
2
3
4
5
6

X-Water
(ft)

13.00
40.00
100.00
120.00
150.00
320.00

Y-Water
(ft)

20.00
25.00
30.00
35.00
40.00
56.00

A Horizontal Earthquake Loading Coefficient
Of .000 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

The Active And Passive Portions Of The Sliding Surfaces
Are Generated According To The Rankine Theory.

200 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of



Sliding

Box
No.

1
2

Block Is

X-Left
(ft)

52.00
144.00

10.0

Y-Left
(ft)

15.00
30.00

X-Right
(ft)

92.00
200.00

Y-Right
(ft)

22.00
40.00

Height
(ft)

10.00
10.00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 15 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

*** 1.831 ***

Failure Surface Specified By 15 Coordinate Points

49
57
66
74
78
177
178
182
187
190
196
202
208
213
217

.47

.01

.00

.99

.96

.12

.49

.87

.25

.73

.54

.35

.15

.96

.22

31.22
27.54
23.16
18.77
15.99
33.80
35.75
44.74
53.73
60.86
69.00
77.14
85.28
93.43
98.00

Point
No.

1
2
3
4
5
6
7
8
9

X-Surf( f t )
53.26
60.21
69 .20
78.18
82.28

154.21
157.13
161.51
165.89

Y-Surf
( f t )

31.45
28.06
23.68
19.30
16.43
28.08
32 .25
41.24
50.22



10
11
12
13
14
15

169.89
175.70
181.50
187.31
193.12
194.99

58.42
66.56
74.70
82.84
90.98
93.61

*** 1.845 ***

Failure Surface Specified By 16 Coordinate Points

Point
No.

l
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

X-Surf(ft)
39.67
39.75
48.74
57.73
66.72
71.77
184.56
185.55
189.94
194.32
197.94
203.74
209.55
215.36
221.16
223.83

Y-Surf
(ft)

30.60
30.57
26.18
21.80
17.41
13.87
34.90
36.32
45.31
54.29
61.70
69.85
77.99
86.13
94.27
98.00

*** 1.848 ***

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

46.48
54.49
63.48
72.46
77.75
188.12
192.50
196.88
200.51
206.31
212.12
217.93
223.74

Y-Surf
(ft)

31.03
27.12
22.74
18.36
14.66
36.60
45.59
54.57
62.01
70.15
78.29
86.43
94.57



14 226.IB 98.00

*** 1.849 ***

Failure Surface Specified By 15 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X-Surf
(ft)

59.27
65.29
74.28
83.26
86.15
169.69
170.95
175.33
179.72
183.38
189.19
194.99
200.80
206.61
210.48

Y-Surf
(ft)

31.83
28.90
24.51
20.13
18.11
32.71
34.52
43.50
52.49
60.00
68.14
76.28
84.42
92.56
98.00

*** 1.859 ***

Failure Surface Specified By 15 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X-Surf
(ft)

50.
58.
67.
76.
78.
152.
156.
160.
165.
169.
174 .
180.
186.
192.
193.

95
26
25
24
84
90
26
64
03
05
85
66
47
28
98

Y-Surf
(ft)

31.
27.
23.
18.
17.
27.
32.
41.
50.
58.
66.
74.
82.
90.
93.

31
74
36
98
15
30
11
09
08
32
46
60
74
89
27

*** 1.859 ***



Failure Surface Specified By 15 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

58.88
64.95
73.94
82.93
85.09
175.65
176.52
180.91
185.29
188.82
194.63
200.43
206.24
212.05
215.47

31.80
28.84
24.46
20.07
18.56
34.18
35.43
44.42
53.41
60.64
68.78
76.92
85.06
93.20
98.00

*** 1.860 ***

Failure Surface Specified By 15 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

60.06
65.95
74.94
83.93
88.26

157.76
159.80
164.18
168.57
172.50
178.30
184.11
189.92
195.73
198.14

31.88
29.01
24 .62
20 .24
17.21
29.78
32.69
41.67
50.66
58.72
66.87
75.01
83.15
91.29
94 .67

*** 1.861 ***

Failure Surface Specified By 14 Coordinate Points



Point
No.

l
2
3
4
5
6
7
8
9
10
11
12
13
14

X-Surf
(ft)

58.55
64.68
73.67
82.65
86.93
144.53
147.78
152.16
156.55
160.77
166.58
172.39
178.19
183.99

Y-Surf
(ft)

31.78
28.80
24.41
20.03
17.03
26.07
30.71
39.70
48.69
57.35
65.49
73.63
81.78
89.90

*** 1.864 ***

Failure Surface Specified By 16 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

X-Surf(ft)
35.
36.
45.
54.
63.
65.

175.
178.
183.
187.
190.
196.
202.
208.
214.
217.

46
20
19
17
16
95
98
72
10
49
96
77
57
38
19
43

Y-Surf
(ft)

30.34
29.98
25.60
21.22
16.83
14.88
31.87
35.79
44.78
53.77
60.89
69.03
77. 17
85.31
93.45
98.00

*** 1.871 ***



Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

X-Surf
(ft)

55.89
62.43
71.42
80.40
83.88
186.64
191.02
195.41
198.75
204.56
210.36
216.17
221.98
224.57

Y-Surf
(ft)

31.62
28.43
24.04
19.66
17.22
36.97
45.96
54.94
61.80
69.94
78.08
86.22
94.36
98.00

*** 1.305 ***

Failure Surface Specified By 15 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X-Surf
(ft)

51.28
58.54
67.53
76.52
77.01
184.01
184.61
189.00
193.38
196.97
202.77
208.58
214.39
220.20
222.94

Y-Surf
(ft)

31.33
27.79
23.41
19.02
18.68
35.41
36.26
45.25
54.24
61.59
69.73
77.87
86.01
94.16
98.00

*** 1.305 ***

Failure Surface Specified By 14 Coordinate Points



15 214.19 93.45
16 217.43 98.00

*** 1.297 ***

Failure Surface Specified By 14 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14

49.48
56.65
65.64
74.62

176.74
178.56
182.95
187.33
190.81
196.62
202.42
208.23
214.04
217.29

31.22
27.72
23.34
18.95
33.16
35.76
44.75
53.74
60.87
69.01
77.15
85.29
93.43
98.00

*** 1.303 ***

Failure Surface Specified By 15 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

58.88
64.95
73'. 94
82.93
85.09

175.65
176.52
180.91
185.29
188.82
194.63
200.43
206 .24
212.05
215.47

31.80
28.84
2 4 . 4 6
20.07
18.56
34.18
35.43
4 4 . 4 2
53.41
60.64
68.78
76.92
85.06
93.20
98.00

*** 1.304 ***



9
10
11
12
13
14

200.51
206.31
212.12
217.93
223.74
226.18

62.01
70.15
78.29
86.43
94.57
98.00

*** 1.277 ***

Failure Surface Specified By 15 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

*** 1.279 ***

Failure Surface Specified By 16 Coordinate Points

49
57
66
74
78
177
178
182
187
190
196
202
208
213
217

.47

.01

.00

.99

.96

.12

.49

.87

.25

.73

.54

.35

.15

.96

.22

31.22
27.54
23.16
18.77
15.99
33.80
35.75
44.74
53.73
60.86
69.00
77.14
85.28
93.43
98.00

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

X-Surf
(ft)

35.46
36.20
45.19
54.17
63.16
65.95
175.98
178.72
183.10
187.49
190.96
196.77
202.57
208.38

Y-Surf
(ft)

30.34
29.98
25.60
21.22
16.83
14.88
31.87
35.79
44.78
53.77
60.89
69.03
77.17
85.31



Sliding Block Is 10.0

Box
No.

1
2

X-Left
(ft)

52.00
144.00

Y-Left
(ft)

15.00
30.00

X-Right
(ft)

92.00
200.00

Y-Right
(ft)

22.00
40.00

Height
(ft)

10.00
10.00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 16 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

*** 1.276 ***

Failure Surface Specified By 14 Coordinate Points

39.67
39.75
48.74
57.73
66.72
71.77

184.56
185.55
189.94
194.32
197.94
203.74
209.55
215.36
221.16
223.83

30.60
30.57
26.18
21.80
17.41
13.87
34.90
36.32
45.31
54.29
61.70
69.85
77.99
86.13
94.27
98.00

Point
No.

1
2
3
4
5
6
7
8

X-Surf
(ft)

46.48
54.49
63.48
72.46
77.75
188.12
192.50
196.88

Y-Surf
(ft)

31.03
27.12
22.74
18.36
14.66
36.60
45.59
54.57



Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4

125.0
125.0
125.0
150.0

135.0
135.0
135.0
150.0

750.0
.0

1000.0
8000.0

19.0
38.0
20.0

.0

.00

.00

.00

.00

0
0
0
0

1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 6 Coordinate Points

Point
No.

1
2
3
4
5
6

X-Water
(ft)

13.00
40.00
100.00
120.00
150.00
320.00

Y-Water
(ft)

20.00
25.00
30.00
35.00
40.00
56.00

A Horizontal Earthquake Loading Coefficient
Of .150 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

The Active And Passive Portions Of The Sliding Surfaces
Are Generated According To The Rankine Theory.

200 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of



I

** PCSTABL4 **

by
Purdue University

— Slope Stability Analysis —
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date: 1-23-96
Time of Run:
Run By: RES
Input Data Filename: sectadbq.dat
Output Filename: sectadbq.out
Plotted Output Filename: sectadbq.plt

PROBLEM DESCRIPTION Skinner-Sect AA-Drained-Block-Equake

BOUNDARY COORDINATES

9 Top Boundaries
16 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

X-Left
(ft)

2.00
13.00
30.00
62.00
81.00
98.00
110.00
125.00
208.00
98.00
2.00
52.00
180.00
2.00
50.00
180.00

Y-Left
(ft)

20.00
20.00
30.00
32.00
40.00
50.00
60.00
70.00
98.00
50.00
15.00
15.00
36.00
10.00
10.00
30.00

X-Right
(ft)

13.00
30.00
62.00
81.00
98.00
110.00
125.00
208.00
320.00
320.00
52.00
180.00
320.00
50.00
180.00
320.00

Y-Right
(ft)

20.00
30.00
32.00
40.00
50.00
60.00
70.00
98.00
98.00
76.00
15.00
36.00
44.00
10.00
30.00
38.00

Soil
Below

2
2
2
2
2
1
1
1
1
2
3
3
3
4
4
4

Type
End

ISOTROPIC SOIL PARAMETERS

4 Type(s) of Soil
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of "Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-23-96

RES
sectau.dat
sectau.out
sectau.plt

PROBLEM DESCRIPTION Skinner-Sect AA-Undrained

BOUNDARY COORDINATES

9 Top Boundaries
16 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

X-Left
(ft)

2.00
13.00
30.00
62.00
81.00
98.00
110.00
125.00
208.00
98.00
2.00
52.00
180.00
2.00
50.00
180.00

Y-Left
(ft)

20.00
20.00
30.00
32.00
40.00
50.00
60.00
70.00
98.00
50.00
15.00
15.00
36.00
10.00
10.00
30.00

X-Right
(ft)

13.00
30.00
62.00
81.00
98.00
110.00
125.00
208.00
320.00
320.00
52.00
180.00
320.00
50.00
180.00
320.00

Y-Right Soil Type
(ft) Below End

20.00
30.00
32.00
40.00
50.00
60.00
70.00
98.00
98.00
76.00
15.00
36.00
44.00
10.00
30.00
38.00

2
2
2
2
2
1
1
1
1
2
3
3
3
4
4
4

ISOTROPIC SOIL PARAMETERS

4 Type(s) of Soil



Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4

125.0
125.0
125.0
150.0

135.0
135.0
135.0
150.0

1500.0
.0

2000.0
8000.0

.0
36.0

.0

.0

.00

.00

.00

.00

0
,0
0
0

1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 6 Coordinate Points

Point
No.

1
2
3
4
5
6

X-Water
(ft)

13.00
40.00
100.00
120.00
150.00
320.00

Y-Water
(ft)

20.00
25.00
30.00
35.00
40.00
56.00

A Horizontal Earthquake Loading Coefficient
Of .000 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

400 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X = 2.00 ft.

and X = 110.00 ft.

Each Surface Terminates Between X = 130.00 ft.
and X = 300.00 ft.



Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 10.00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 27 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

X-Surf
(ft)

41.79
51.41
61.14
70.97
80.88
90.84
100.83
110.83
120.82
130.77
140.67
150.49
160.21
169.82
179.28
188.58
197.70
206.61
215.31
223.77
231.96
239.89
247.51
254.83
261.83
268.48
269.58

Y-Surf
(ft)

30.74
28.00
25.71
23.88
22.51
21.61
21.17
21.20
21.69
22.65
24.08
25.96
28.30
31.09
34.33
38.00
42.11
46.63
51.57
56.91
62.63
68.74
75.20
82.02
89.17
96.63
98.00

Circle Center At X = 105.2 ; Y = 235.3 and Radius, 214.2

*** 1.813 ***

Failure Surface Specified By 24 Coordinate Points



Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

X-Surf
(ft)

19.
28.
38.
48.
58.
68.
78.
88.
98.

108.
117.
127.
136.
145.
154.
163.
171.
179.
187.
194.
201.
208.
214.
219.

05
72
51
40
36
35
35
32
23
05
76
30
67
83
74
39
75
78
46
77
69
20
26
47

Y-Surf
(ft)

23.56
20.99
18.97
17.49
16.58
16.23
16.43
17.20
18.53
20.41
22.84
25.80
29.30
33.32
37.85
42.87
48.37
54.33
60.73
67.55
74.77
82.37
90.32
98.00

Circle Center At X = 69.7 ; Y = 194.4 and Radius, 178.1

*** 1.845 ***

Failure Surface Specified By 20 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

X-Surf
(ft)

41
50
60
70
79
89
99
109
119
129
138
147
155
163
170
176
182

.79

.90

.36

.07

.96

.95

.94

.86

.61

.12

.30

.08

.37

. 12

.25

.70

.42

Y-Surf
(ft)

30.74
26.62
23.36
20.99
19.52
18.97
19.35
20.65
22.85
25.95
29.92
34.71
40.29
46.62
53.63
61.27
69.47



18
19
20

187.35
191.47
193.47

Circle Center At X =

78.17
87.28
93.10

90.9 Y = 127.2 and Radius, 108.2

*** 1.848 ***

Failure Surface Specified By 20 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

X-Surf
(ft)

2.00
11.86
21.80
31.78
41.78
51.76
61.67
71.48
81.16
90.66
99.96
109.02
117.80
126.28
134.42
142.19
149.57
156.52
163.02
167.80

Y-Surf
(ft)

20.00
18.31
17.21
16.73
16.85
17.57
18.91
20.84
23.36
26.47
30.15
34.38
39.16
44.47
50.28
56.57
63.32
70.51
78.11
84.44

Circle Center At X = 34.8 ; Y = 181.3 and Radius, 164.6

*** 1.890 ***

Failure Surface Specified By 25 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8

X-Surf
(ft)

36. 11
45.79
55.59
65.47
75.41
85.40
95.40
105.39

Y-Surf
(ft)

30.38
27.89
25.87
24.34
23.29
22.73
22.66
23.07



9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

115.35
125.25
135.07
144.79
154.38
163.83
173.10
182.18
191.04
199.66
208.03
216.12
223.91
231.38
238.53
245.32
250.39

23.98
25.37
27.24
29.59
32.41
35.70
39.45
43.65
48.28
53.34
58.82
64.70
70.97
77.61
84.61
91.95
98.00

Circle Center At X = 91.9 ; Y = 227.1 and Radius, 204.5

*** 1.910 ***

Failure Surface Specified By 18 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

X-Surf
( f t )

7.68
17.50
27.43
37 .42
47 .42
57.36
6 7 . 2 0
76.88
86.35
95.55

104.43
112.95
121.06
128.71
135.86
142.48
148.52
151.87

Y-Surf
( f t )

20 .00
18.10
16.93
16.50
16.81
17.86
19.65
22.16
25.39
29 .30
33.89
39. 13
44 .98
51.42
58.41
65.91
73.88
79.07

Circle Center At X = 38.2 ; Y = 151.2 anc5 Radius, 134.7

*** 1.919 ***

Failure Surface Specified By 20 Coordinate Points



Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

X-Surf
(ft)

47.47
56.82
66.45
76.28
86.23
96.23
106.20
116.05
125.72
135.12
144.17
152.82
160.98
168.60
175.61
181.96
187.60
192.49
196.58
197.04

Y-Surf
(ft)

31.09
27.54
24.84
23.00
22.04
21.97
22.79
24.49
27.05
30.47
34.71
39.74
45.51
51.99
59.12
66.84
75.10
83.83
92.95
94.30

Circle Center At X = 92.0 134.3 and Radius, 112.4

*** 1.925 ***

Failure Surface Specified By 18 Coordinate Points

Point
No.

l
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

X-Surf
(ft)

2.00
11.76
21.65
31.63
41.63
51.59
61.48
71.22
80.76
90.05
99.05
107.68
115.92
123.71
131.01
137.78
143.97
149.27

Y-Surf
(ft)

20.00
17.81
16.35
15.64
15.68
16.46
17.99
20.25
23.24
26.93
31.31
36.35
42.02
48.29
55.12
62.49
70.33
78.19

Circle Center At X = 36.1 ; Y = 149.1 and Radius, 133.5



*** 1.930 ***

Failure Surface Specified By 25 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

X-Surf
(ft)

19.05
28.87
38.77
48.73
58.71
68.71
78.70
88.66
98.55
108.37
118.09
127.68
137.13
146.41
155.50
164.38
173.04
181.44
189.58
197.43
204.98
212.21
219.09
225.63
227.76

Y-Surf
(ft)

23.56
21.67
20.25
19.30
18.83
18.83
19.31
20.27
21.70
23.60
25.96
28.79
32.07
35.79
39.96
44.55
49.56
54.98
60.79
66.98
73.54
80.46
87.71
95.27
98.00

Circle Center At X = 63.6 ; Y = 228.5 and Radius, 209.8

*** 1.932 ***

Failure Surface Specified By 19 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10

X-Surf
. (ft)

36
45
54
64
74
84
94
104
113
123

.11

. 18

.61

.32

.21

.20

.19

.09

.80

.23

Y-Surf
(ft)

30.38
26.17
22.85
20.46
19.02
18.53
19.01
20.45
22.84
26.15



11
12
13
14
15
16
17
18
19

132.31
140.93
149.03
156.52
163.34
169.43
174.72
179.17
182.53

30.36
35.42
41.29
47.91
55.22
63.15
71.64
80.60
89.41

Circle Center At X = 84.2 ; Y = 122.2 and Radius, 103.6

*** 1.936 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-23-95

RES
sectbu.dat
sectbu.out
sectbu.plt

PROBLEM DESCRIPTION Skinner-Sect BB-Undrained

BOUNDARY COORDINATES

5 Top Boundaries
19 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

X-Left
(ft)

.00
35.00
85.00
110.00
263.00
263 .00
320.00
110.00
120.00
145.00
167.00
204.00
234.00
253.00
253.00
204.00
120.00

.00
84.00

Y-Left
(ft)

11.00
18.00
20.00
22.00
65.00
65.00
68.00
22.00
22.00
26.00
30.00
40.00
50.00
60.00
60.00
40.00
22.00
2.00

10.00

X-Right
(ft)

35.00
85.00
110.00
263.00
376.00
320.00
376.00
120.00
145.00
167.00
204.00
234.00
253.00
263.00
376.00
376.00
376.00
84.00
376.00

Y-Right
(ft)

18.00
20.00
22.00
65.00
82.00
68.00
82.00
22.00
26.00
30.00
40.00
50.00
60.00
65.00
63.00
42.00
31.00
10. 00
23.00

Soil Type
Below End

5
5
5
1
1
2
2
5
4
4
4
3
3
2
3
4
5
6
6

ISOTROPIC SOIL PARAMETERS



6 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surfacf
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4
5
6

125.0
125.0
125.0
125.0
125.0
150.0

135.0
135.0
135.0
135.0
135.0
150.0

750.0
200.0
1500.0

.0
2000.0
8000.0

.0
23.0

.0
36.0

.0

.0

.00

.00

.00

.00

.00

.00

0
,0
0
,0
0
.0

1
1
1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

.00
140.00
180.00
376.00

Y-Water(ft)
5.00

15.00
20.00
38.00

A Horizontal Earthquake Loading Coefficient
Of .000 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = . 0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified,

400 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X = 30.00 ft.

and X = 200.00 ft.

Each Surface Terminates Between X = 230.00 ft.



and X = 365.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = .00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 155.26 34.72
2 164.38 30.62
3 173.73 27.06
4 183.27 24.05
5 192.96 21.61
6 202.79 19.74
7 212.70 18.45
8 222.68 17.74
9 232.68 17.62
10 242.67 18.09
11 252.61 19.14
12 262.48 20.77
13 272.23 22.98
14 281.84 25.76
15 291.26 29.09
16 300.48 32.98
17 309.45 37.39
18 318.15 42.33
19 326.54 47.76
20 334.60 53.68
21 342.30 60.06
22 349.61 66.88
23 356.51 74.12
24 361.31 79.79

Circle Center At X = 229.7 ; Y = 188.1 and Radius, 170.5

*** 2.946 ***

Failure Surface Specified By 22 Coordinate Points



Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

X-Surf(ft)
137.37
146.59
156.05
165.70
175.51
185.42
195.40
205.40
215.38
225.28
235.08
244.72
254.16
263.36
272.28
280.88
289.12
296.96
304.37
311.32
317.78
317.93

Y-Surf
(ft)

29.69
25.82
22.57
19.96
18.00
16.70
16.06
16.08
16.78
18.13
20.14
22.80
26.10
30.02
34.54
39.65
45.31
51.52
58.23
65.42
73.06
73.26

Circle Center At X = 200.0 ; Y = 166.0 and Radius, 150.0

*** 3.019 ***

Failure Surface Specified By 22 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

X-Surf
(ft)

155.26
164.30
173.61
183.14
192.85
202.69
212.63
222.63
232.62
242.58
252.46
262.21
271.79
281.15
290.27
299.09
307.57
315.69
323.39

Y-Surf
(ft)

34.72
30.45
26.78
23.75
21.35
19.61
18.53
18.11
18.35
19.26
20.84
23.06
25.93
29.43
33.55
38.26
43.55
49.39
55.77



20
21
22

330.66
337.46
343.19

62.63
69.97
77.06

Circle Center A t X = 223.9 ; Y = 168.3 and Radius, 150.2

*** 3.035 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

X-Surf
(ft)

119.47
129.06
138.78
148.60
158.50
168.46
178.45
188.45
198.44
208.37
218.25
228.03
237.69
247.22
256.58
265.75
274.71
283.45
291.92
300.13
308.04
315.63
322.89
323.64

Y-Surf
(ft)

24.66
21.82
19.45
17.57
16.18
15.29
14.90
15.00
15.61
16.71
18.30
20.38
22.95
26.00
29.52
33.50
37.93
42.80
48.11
53.83
59.95
66.45
73.33
74.12

Circle Center At X = 181.4 ; Y = 215.4 and Radius, 200.6

*** 3.073 ***

Failure Surface Specified By 21 Coordinate Points

Point
No.

1
2
3
4

X-Surf
(ft)

119.47
128.95
138.61
148.40

Y-Surf
(ft)

24.66
21.48
18.87
16.86



5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

158.30
168.27
178.27
188.26
198.21
208.08
217.83
227.43
236.83
246.02
254.95
263.59
271.90
279.87
287.44
294.61
300.17

15.45
14.64
14.44
14.85
15.86
17.48
19.70
22.51
25.89
29.85
34.35
39.39
44.94
50.99
57.51
64.49
70.59

Circle Center At X = 176.5 ; Y = 178.7 and Radius, 164.3

*** 3.149 ***

Failure Surface Specified By 23 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

X-Surf
(ft)

146.32
155.85
165.52
175.30
185.18
195.13
205.11
215.11
225.10
235.05
244.95
254.75
264.44
273.99
283.38
292.59
301.58
310.35
318.85
327.08
335.02
342.63
349.23

Y-Surf
(ft)

32.21
29.18
26.63
24.58
23.03
21.98
21.43
21.39
21.86
22.83
24.31
26.28
28.75
31.71
35.15
39.05
43.42
48.24
53.50
59.18
65.27
71.75
77.97

Circle Center At X = 210.9 ; Y = 218.7 and Radius, 197.4

*** 3.177 ***



Failure Surface Specified By 19 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 137.37 29.69
2 146.58 25.79
3 156.06 22.61
4 165.75 20.16
5 175.61 18.47
6 185.56 17.54
7 195.56 17.38
8 205.54 17.99
9 215.45 19.36
10 225.22 21.50
11 234.80 24.37
12 244.12 27.98
13 253.15 32.29
14 261.81 37.29
15 270.06 42.93
16 277.86 49.19
17 285.15 56.04
18 291.89 63.42
19 297.13 70.14

Circle Center At X = 192.6 ; Y = 147.3 and Radius, 129.9

*** 3.186 ***

Failure Surface Specified By 23 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 155.26 34.72
2 164.66 31.31
3 174.24 28.43
4 183.96 26.07
5 193.79 24.25
6 203.71 22.98"
7 213.68 22.26
8 223.68 22.09
9 233.68 22.47
10 243.63 23.39
11 253.52 24.87
12 263.32 26.89
13 272.99 29.44
14 282.50 32.52
15 291.83 36.13
16 300.94 40.24
17 309.82 44.84
18 318.43 49.93



19
20
21
22
23

326.74
334.74
342.39
349.68
353.32

55.49
61.49
67.93
74.77
78.59

Circle Center At X = 221.8 ; Y = 203.6 and Radius, 181.5

*** 3.214 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

X-Surf
(ft)

146.32
155.94
165.67
175.50
185.40
195.36
205.34
215.34
225.34
235.30
245.21
255.06
264.81
274.46
283.98
293.35
302.55
311.56
320.37
328.96
337.31
345.40
353.21
359.66

Y-Surf
(ft)

32.21
29.48
27.19
25.35
23.95
23.00
22.50
22.45
22.86
23.71
25.02
26.77
28.97
31.60
34.67
38.17
42.08
46.41
51.14
56.27
61.78
67.65
73.89
79.54

Circle Center At X = 211.4 ; Y = 243.5 and Radius, 221.1

*** 3.220 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2

X-Surf
(ft)

119.47
129.21

Y-Surf
(ft)

24.66
22.36



3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

139.03
148.93
158.88
168.86
178.86
188.86
198.83
208.75
218.62
228.40
238.08
247.65
257.07
266.34
275.43
284.33
293.03
301.49
309.72
317.68
325.37
327.15

20.50
19.06
18.07
17.51
17.40
17.72
18.49
19.69
21.33
23.40
25.90
28.83
32.17
35.93
40.09
44.64
49.59
54.91
60.60
66.65
73.04
74.65

Circle Center At X = 176.5 ; Y = 244.4 and Radius, 227.0

*** 3.250 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-23-96

RES
sectbubq.dat
sectbubq.out
sectbubq.pit

PROBLEM DESCRIPTION Skinner-Sect BB-Undrained-Block-Equake

BOUNDARY COORDINATES

5 Top Boundaries
19 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

X-Left
(ft)

.00
35.00
85.00
110.00
263 .00
263 .00
320.00
110.00
120.00
145.00
167.00
204.00
234.00
253. 00
253. 00
204.00
120.00

. 00
84.00

Y-Left
(ft)

11.00
18.00
20.00
22.00
65.00
65.00
68.00
22.00
22.00
26.00
30.00
40.00
50.00
60.00
60.00
40.00
22.00
2.00
10.00

X-Right
(ft)

35.00
85.00
110.00
263.00
376.00
320.00
376.00
120.00
145.00
167.00
204.00
234.00
253.00
263.00
376.00
376.00
376.00
84.00
376.00

Y-Right
(ft)

18.00
20.00
22.00
65.00
82.00
68.00
82.00
22.00
26.00
30.00
40.00
50.00
60.00
65.00
63.00
42.00
31.00
10.00
23.00

Soil
Below

5
5
5
1
1
2
2
5
4
4
4
3
3
2
3
4
5
6
6

Type
End

ISOTROPIC SOIL PARAMETERS



6 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez,
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surfac/
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4
5
6

125.0
125.0
125.0
125.0
125.0
150.0

135
135
135
135
135
150.0

750.0
200.0
1500.0

.0
2000.0
8000.0

23
,0
,0
.0

36.0
.0
.0

.00

.00

.00

.00

.00

.00

,0
,0
,0
,0
,0
0

1
1
1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

.00
140.00
180.00
376.00

Y-Water(ft)
5.00
15.00
20.00
38.00

A Horizontal Earthquake Loading Coefficient
Of .150 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

The Active And Passive Portions Of The Sliding Surfaces
Are Generated According To The Rankine Theory.

200 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base



Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 10.0

Box
No.

1
2

X-Left
(ft)

128.00
240.00

Y-Left
(ft)

20.00
26.00

X-Right(ft)
170.00
304.00

Y-Right
(ft)

22.00
29.00

Height
(ft)

10.00
10.00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

X-Surf
(ft)

127.68
130.90
133.40
140.11
301.67
303.40
307.94
309.92
316.99
324.06
330.58
336.10
337.52
342.03

Y-Surf
(ft)

26.97
23.74
22.47
15.77
26.71
28.45
37.36
41.23
48.30
55.37
61.89
70.23
72.38
76.89

*** 1.777 ***

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7

X-Surf
(ft)

135.29
139.31
143.73
150.16
301.48
301.99
306.53

Y-Surf
(ft)

29.11
25.09
22.83
16.41
27.89
28.40
37.31



8
9
10
11
12
13
14

308.52
315.60
322.67
329.17
334.69
335.86
340.56

41.22
48.29
55.36
61.86
70.20
71.96
76.67

*** 1.782 ***

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

X-Surf
(ft)

149.15
154.43
162.70
165.00
293.11
297.75
302.29
304.33
311.40
318.47
324.92
330.44
330.85
336.14

Y-Surf
(ft)

33.00
27.72
23.50
21.20
23.61
28.25
37.16
41.17
48.24
55.31
61.75
70.09
70.71
76.00

*** 1.786 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

133.31
137.12
137.44
299.11
301.41
305.95
307.95
315.02
322.09
328.58
334.10
335.17
339.95

Y-Surf
(ft)

28.55
24.74
24.57
26.07
28.38
37.29
41.21
48.28
55.35
61.84
70.18
71.79
76.58



*** 1.795 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13

X-Surf
(f t )

152.62
158.20
163.12
295.23
299.91
304.45
306.46
313.54
320.61
327.08
332.60
333.40
338.39

Y-Surf
( f t )

33.98
28.40
25.90
23.65
28.32
37.23
41.19
48.26
55.33
61.81
70.15
71.35
76.34

*** 1.804 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

125.49
128.48
128.50
292.48
296.50
301.04
303. 10
310.17
317.24
323.67
329.19
329.38
334.84

Y-Surf
(ft)

26.35
23.36
23.35
24.18
28.21
37.12
41.15
48.22
55.29
61.72
70.06
70.34
75.81

*** 1.808 ***

Failure Surface Specified By 14 Coordinate Points



Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

X-Surf
(ft)

133.54
137.38
141.36
146.55
299.98
301.08
305.62
307.62
314.69
321.76
328.25
333.77
334.78
339.61

Y-Surf
(ft)

28.62
24.78
22.75
17.57
27.27
28.37
37.28
41.20
48.28
55.35
61.84
70.17
71.69
76.52

*** 1.811 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

138.78
143.16
148.47
155.04
290.42
291.36
295.90
298.02
305.09
312.16
318.52
323.31
329.48

Y-Surf
(ft)

30.09
25.71
23.00
16.44
27.08
28.02
36.93
41.09
48.16
55.24
61.60
68.83
75.00

*** 1.815 ***

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5

X-Surf
(ft)

136.29
140.41
145.09
149.21
302.54

Y-Surf
(ft)

29.39
25.27
22.88
18.76
27.91



6
7
8
9
10
11
12
13
14

303.07
307.61
309.59
316.66
323.73
330.25
335.77
337.13
341.69

28.44
37.35
41.23
48.30
55.37
61.88
70.22
72.28
76.84

*** 1.825 ***

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

X-Surf
(ft)

129.05
132.42
135.27
140.27
295.92
298.17
302.71
304.75
311.82
318.89
325.34
330.86
331.34
336.58

Y-Surf
(ft)

27.35
23.99
22.54
17.53
26.01
28.26
37.17
41.17
48.24
55.31
61.76
70.10
70.84
76.07

*** 1.827 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-23-96

RES
sectbub.dat
sectbub.out
sectbub.plt

PROBLEM DESCRIPTION Skinner-Sect BB-Undrained

BOUNDARY COORDINATES

5 Top Boundaries
19 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

X-Left
(ft)

.00
35.00
85.00
110.00
263.00
263.00
320.00
110.00
120.00
145.00
167.00
204.00
234.00
253.00
253.00
204.00
120.00

.00
84.00

Y-Left
(ft)

11.00
18.00
20.00
22.00
65.00
65.00
68.00
22.00
22.00
26.00
30.00
40.00
50.00
60.00
60.00
40.00
22.00

2.00
10.00

X-Right
(ft)

35.00
85.00
110.00
263 .00
376.00
320.00
376.00
120.00
145.00
167.00
204.00
234.00
253.00
263.00
376.00
376.00
376.00
84.00
376.00

Y-Right
(ft)

18.00
20.00
22.00.
65.00
82.00
68.00
82.00
22.00
26.00
30.00
40.00
50.00
60.00
65.00
63 .00
42.00
31.00
10.00
23 . 00

Soil
Below

5
5
5
1
1
2
2
5
4
4
4
3
3
2
3
4
5
6
6

Type
End

ISOTROPIC SOIL PARAMETERS



6 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4
5
6

125.
125.
125.
125.
125.
150.0

135.0
135.0
135.0
135.0
135.0
150.0

750.0
200.0

1500.0
.0

2000.0
8000.0

.0
23.0

.0
36.0

.0

.0

.00

.00

.00

.00

.00

.00

0
0
0
0
0
0

1
1
1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

.00
140.00
180.00
376.00

Y-Water
(ft)

5.00
15.00
20.00
38.00

A Horizontal Earthquake Loading Coefficient
Of .000 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = . 0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

The Active And Passive Portions Of The Sliding Surfaces
Are Generated According To The Rankine Theory.

200 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base



Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 10.0

Box X-Left Y-Left X-Right Y-Right Height
No. (ft) (ft) (ft) (ft) (ft)

1 128.00 20.00 170.00 22.00 10.00
2 240.00 26.00 304.00 29.00 10.00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 14 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 127.68 26.97
2 130.90 23.74
3 133.40 22.47
4 140.11 15.77
5 301.67 26.71
6 303.40 28.45
7 307.94 37.36
8 309.92 41.23
9 316.99 48.30
10 324.06 55.37
11 330.58 61.89
12 336.10 70.23
13 337.52 72.38
14 342.03 76.89

*** 3.040 ***

Failure Surface Specified By 14 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 135.29 29.11
2 139.31 25.09
3 143.73 22.83
4 150.16 16.41
5 301.48 27.89
6 301.99 28.40
7 306.53 37.31



8 308.52 41.22
9 315.60 48.29
10 322.67 55.36
11 329.17 61.86
12 334.69 70.20
13 335.86 71.96
14 340.56 76.67

*** 3.051 ***

Failure Surface Specified By 13 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 138.78 30.09
2 143.16 25.71
3 148.47 23.00
4 155.04 16.44
5 290.42 27.08
6 291.36 28.02
7 295.90 36.93
8 298.02 41.09
9 305.09 48.16
10 312.16 55.24
11 318.52 61.60
12 323.31 68.83
13 329.48 75.00

*** 3.069 ***

Failure Surface Specified By 14 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 149.15 33.00
2 154.43 27.72
3 162.70 23.50
4 165.00 21.20
5 293.11 23.61
6 297.75 28.25
7 302.29 37.16
8 304.33 41.17
9 311.40 48.24
10 318.47 55.31
11 324.92 61.75
12 330.44 70.09
13 330.85 70.71
14 336.14 76.00



*** 3.071 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

134.29
138.21
142.38
148.76
286.36
288.45
292.99
295.14
302.21
309.29
315.61
319.89
326.44

Y-Surf
(ft)

28.83
24.91
22.79
16.40
25.83
27.92
36.83
41.06
48.13
55.20
61.53
67.99
74.54

*** 3.075 ***

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

X-Surf
(ft)

133
137
141
146
299
301
305
307
314
321
328
333
334
339

.54

.38

.36

.55

.98

.08

.62

.62

.69

.76

.25

.77

.78

.61

Y-Surf
(ft)

28.62
24.78
22.75
17.57
27.27
28.37
37.28
41.20
48.28
55.35
61.84
70.17
71.69
76.52

*** 3.100 ***

Failure Surface Specified By 11 Coordinate Points



Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

130.83
133.54
275.67
280.63
285.17
287.42
294.49
301.56
307.79
311.92
317.55

Y-Surf
(f t)

27.85 /*>.
25.14
22.68
27.65
36.56
40.97
48.04
55.11
61.34
67.57
73.21

*** 3.103 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

125.49
128.48
128.50
292.48
296.50
301.04
303.10
310.17
317.24
323.67
329.19
329.38
334.84

Y-Surf
(ft)

26.35
23.36
23.35
24.18
28.21
37.12
41.15
48.22
55.29
61.72
70.06
70.34
75.81

*** 3.106 ***

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7

X-Surf
(ft)

129.05
132.42
135.27
140.27
295.92
298.17
302.71

Y-Surf
(ft)

27.35
23.99
22.54
17.53
26.01
28.26
37.17



8
9
10
11
12
13
14

304.75
311.82
318.89
325.34
330.86
331.34
336.58

41.17
48.24
55.31
61.76
70.10
70.84
76.07

*** 3.113 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

133.31
137.12
137.44
299.11
301.41
305.95
307.95
315.02
322.09
328.58
334.10
335.17
339.95

Y-Surf
(ft)

28.55
24.74
24.57
26.07
28.38
37.29
41.21
48.28
55.35
61.84
70.18
71.79
76.58

*** 3.118 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-23-96

RES
sectbug.dat
sectbuq.out
sectbuq.plt

PROBLEM DESCRIPTION Skinner-Sect BB-Undrained-Equake

BOUNDARY COORDINATES

5 Top Boundaries
19 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

X-Left
(ft)

Y-Left
(ft)

X-Right
(ft)

Y-Right
(ft)

.

35.
85.

110.
263.
263.
320.
110.
120.
145.
167.
204.
234.
253.
253.
204.
120.

.

84.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

11.
18.
20.
22.
65.
65.
68.
22.
22.
26.
30.
40.
50.
60.
60.
40.
22.
2.
10.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

35.
85.
110.
263.
376.
320.
376.
120.
145.
167.
204.
234.
253.
263.
376.
376.
376.
84.

376.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

18.
20.
22.
65.
82.
68.
82.
22.
26.
30.
40.
50.
60.
65.
63.
42.
31.
10.
23.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

Soil Type
Below End

5
5
5
1
1
2
2
5
4
4
4
3
3
2
3
4
5
6
6

ISOTROPIC SOIL PARAMETERS



I _______

6 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface^
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4
5
6

125.0
125.0
125.0
125.0
125.0
150.0

135.0
135.0
135.0
135.0
135.0
150.0

750.0
200.0

1500.0
.0

2000.0
8000.0

• 0,
23.0

.0
36.0

.0

.0

.00

.00

.00

.00

.00

.00

,0
,0
,0
,0
,0
,0

1
1
1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. l Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

.00
140.00
180.00
376.00

Y-Water(ft)
5.00

15.00
20.00
38.00

A Horizontal Earthquake Loading Coefficient
Of .150 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

400 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X = 30.00 ft.

and X = 200.00 ft.

Each Surface Terminates Between X = 230.00 ft.



and X = 365.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = .00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

X-Surf
(ft)

155.26
164.38
173.73
183.27
192.96
202.79
212.70
222.68
232.68
242.67
252.61
262.48
272.23
281.84
291.26
300.48
309.45
318.15
326.54
334.60
342.30
349.61
356.51
361.31

Y-Surf
(ft)

34.72
30.62
27.06
24.05
21.61
19.74
18.45
17.74
17.62
18.09
19.14
20.77
22.98
25.76
29.09
32.98
37.39
42.33
47.76
53.68
60.06
66.88
74.12
79.79

Circle Center At X = 229.7 ; Y = 188.1 and Radius, 170.5

*** 1.724 ***

Failure Surface Specified By 22 Coordinate Points



Point X-Surf Y-Surf
No. (ft) (ft)

1 155.26 34.72
2 164.30 30.45
3 173.61 26.78
4 183.14 23.75
5 192.85 21.35
6 202.69 19.61
7 212.63 18.53
8 222.63 18.11
9 232.62 18.35
10 242.58 19.26
11 252.46 20.84
12 262.21 23.06
13 271.79 25.93
14 281.15 29.43
15 290.27 33.55
16 299.09 38.26
17 307.57 43.55
18 315.69 49.39
19 323.39 55.77
20 330.66 62.63
21 337.46 69.97
22 343.19 77.06

Circle Center At X = 223.9 ; Y = 168.3 and Radius, 150.2

*** 1.808 ***

Failure Surface Specified By 22 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 137.37 29.69
2 146.59 25.82
3 156.05 22.57
4 165.70 19.96
5 175.51 18.00
6 185.42 16.70
7 195.40 16.06
8 205.40 16.08
9 215.38 16.78

10 225.28 18.13
11 235.08 20.14
12 2 4 4 . 7 2 22 .80
13 254.16 26.10
14 263.36 30.02
15 272 .28 34.54
16 280.88 39.65
17 289.12 45.31
18 296.96 51.52
19 304.37 58.23



20
21
22

311.32
317.78
317.93

65.42
73.06
73.26

Circle Center At X = 200.0 ; Y = 166.0 and Radius, 150.0

*** 1.861 ***

Failure Surface Specified By 23 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

X-Surf
(ft)

146.32
155.85
165.52
175.30
185.18
195.13
205.11
215.11
225.10
235.05
244.95
254.75
264.44
273.99
283.38
292.59
301.58
310.35
318.85
327.08
335.02
342.63
349.23

Y-Surf
(ft)

32.21
29.18
26.63
24.58
23.03
21.98
21.43
21.39
21.86
22.83
24.31
26.28
28.75
31.71
35.15
39.05
43.42
48.24
53.50
59.18
65.27
71.75
77.97

Circle Center At X = 210.9 ; Y = 218.7 and Radius, 197.4

*** 1.895 ***

Failure Surface Specified By 23 Coordinate Points

Point
No.

1
2
3
4
5

X-Surf
(ft)

155.26
164.66
174.24
183.96
193.79

Y-Surf
(ft)

34.72
31.31
28.43
26.07
24.25



6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

203.71
213.68
223.68
233.68
243.63
253.52
263.32
272.99
282.50
291.83
300.94
309.82
318.43
326.74
334.74
342.39
349.68
353.32

22.98
22.26
22.09
22.47
23.39
24.87
26.89
29.44
32.52
36.13
40.24
44.84
49.93
55.49
61.49
67.93
74.77
78.59

Circle Center At X = 221.8 ; Y = 203.6 and Radius, 181.5

*** 1.898 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

X-Surf
(ft)

119.47
129.06
138.78
148.60
158.50
168.46
178.45
188.45
198.44
208.37
218.25
228.03
237.69
247.22
256.58
265.75
274.71
283.45
291.92
300.13
308.04
315.63
322.89
323.64

Y-Surf
(ft)

24.66
21.82
19.45
17.57
16.18
15.29
14.90
15.00
15.61
16.71
18.30
20.38
22.95
26.00
29.52
33.50
37.93
42.80
48.11
53.83
59.95
66.45
73.33
74.12

Circle Center At X = 181.4 ; Y = 215.4 and Radius, 200.6



*** 1.899 ***

Failure Surface Specified By 22 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

X-Surf
(ft)

173.16
182.06
191.26
200.70
210.35
220.15
230.06
240.04
250.04
260.02
269.91
279.69
289.31
298.71
307.86
316.71
325.22
333.36
341.08
348.35
355.13
361.19

Y-Surf
(ft)

39.75
35.20
31.27
27.98
25.34
23.36
22.05
21.43
21.49
22.23
23.65
25.74
28.50
31.90
35.94
40.59
45.84
51.65
58.01
64.88
72.23
79.77

Circle Center At X = 244.2 ; Y = 167.8 and Radius, 146.4

*** 1.899 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

l
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

146.32
155.94
165.67
175.50
185.40
195.36
205.34
215.34
225.34
235.30
245.21
255.06
264.81

Y-Surf
(ft)

32.21
29.48
27.19
25.35
23.95
23.00
22.50
22.45
22.86
23.71
25.02
26.77
28.97



274.46
283.98
293.35
302.55
311.56
320.37
328.96
337.31
345.40
353.21
359.66

31.60
34.67
38.17
42.08
46.41
51.14
56.27
61.78
67.65
73.89
79.54

14
15
16
17
18

19
20
21
22
23
24

Circle Center At X = 211.4 ; Y - 243.5 and Radius, 221.1

*** 1.902 ***

Failure Surface Specified By 26 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

X-Surf
(ft)

119.47
129.47
139.47
149.47
159.46
169.45
179.42
189.37
199.30
209.20
219.07
228.90
238.69
248.43
258.12
267.75
277.33
286.84
296.28
305.64
314.93
324.13
333.25
342.28
351.21
357.81

Y-Surf
(ft)

24.66
24.34
24.23
24.34
24.67
25.21
25.97
26.94
28.13
29.54
31.16
32.99
35.04
37.30
39.77
42.45
45.34
48.43
51.73
55.24
58.94
62.85
66.96
71.26
75.76
79.26

Circle Center At X = 139.4 ; Y = 485.1 and Radius, 460.9

*** 1.964 ***



Failure Surface Specified By 28 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

X-Surf
(ft)

110.53
120.52
130.52
140.50
150.47
160.43
170.38
180.31
190.21
200.10
209.96
219.79
229.59
239.35
249.08
258.78
268.43
278.04
287.61
297.13
306.59
316.01
325.37
334.67
343.91
353.09
362.21
363.41

Y-Surf
(ft)

22.15
22.40
22.81
23.37
24.10
24.99
26.03
27.24
28.60
30.12
31.79
33.63
35.62
37.76
40.06
42.52
45.13
47.89
50.81
53.88
57.10
60.47
63.99
67.65
71.47
75.43
79.54
80.11

Circle Center At X = 99.9 ; Y = 649.4 and Radius, 627.4

*** 1.971 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-24-96

RES
sectcdbq.dat
sectcdbq.out
sectcdbq.plt

PROBLEM DESCRIPTION Skinner-Sect CC-Drained-Equake

BOUNDARY COORDINATES

5 Top Boundaries
10 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10

X-Left
(ft)

•

13.
25.

204.
272.
25.
129.
129.

•

65.

00
00
00
00
00
00
00
00
00
00

Y-Left
(ft)

12.
18.
18.
65.
84.
18.
24.
24.
5.
10.

00
00
00
00
00
00
00
00
00
00

X-Right
(ft)

13.
25.
204.
272.
340.
129.
204.
340.
65.
340.

00
00
00
00
00
00
00
00
00
00

Y-Right
(ft)

18.
18.
65.
84.
85.
24.
65.
44.
10.
32.

00
00
00
00
00
00
00
00
00
00

Soil Type
Below End

3
3
1
2
2
3
2
3
4
4

ISOTROPIC SOIL PARAMETERS

4 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

125.0 135.0 750.0 .0 .00 .0



2
3
4

125.0
125.0
150.0

135.0
135.0
150.0

200.0
1000.0
8000.0

23.0
10.0

.0

.00

.00

.00

.0

.0

.0

1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

.00
30.00
140.00
340.00

Y-Water
(ft)

3.00
10.00
20.00
40.00

A Horizontal Earthquake Loading Coefficient
Of .150 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = . 0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

The Active And Passive Portions Of The Sliding Surfaces
Are Generated According To The Rankine Theory.

200 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 10.0

Box
No.

1
2

X-Left
(ft)

54.00
204.00

Y-Left
(ft)

16.00
28.00

X-Right
(ft)

82.00
280.00

Y-Right
(ft)

18.00
36.00

Height
(ft)

10.00
10.00



Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 10 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10

X-Surf
(ft)

57.59
63.55
261.05
266.06
271.58
277.09
282.61
288.13
293.65
297.42

Y-Surf
(ft)

26.56
20.60
31.03
36.99
45.33
53.67
62.01
70.35
78.69
84.37

*** 1.238 ***

Failure Surface Specified By 10 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10

X-Surf
(ft)

56.73
61.88
251.18
257.14
262.66
268.18
273.70
279.22
284.74
288.98

Y-Surf
(ft)

26.33
21.18
29.04
36.15
44.49
52.82
61.16
69.50
77.84
84.25

*** 1.238 ***

Failure Surface Specified By 12 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)



1 72.07 30.36
2 72.86 29.58
3 79.93 22.50
4 264.54 29.55
5 270.97 37.21
6 271.19 37.48
7 276.71 45.82
8 282.23 54.16
9 287.75 62.49
10 293.27 70.83
11 298.79 79.17
12 302.28 84.45

*** 1.239 ***

Failure Surface Specified By 11 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 72.69 30.52
2 74.80 28.42
3 81.87 21.34
4 257.34 33.66
5 259.62 36.38
6 265.14 44.72
7 270.66 53.06
8 276.18 61.40
9 281.70 69.74
10 287.22 78.08
11 291.33 84.28

*** 1.241 ***

Failure Surface Specified By 12 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 69.60 29.71
2 70.34 28.97
3 77.41 21.90
4 269.59 29.96
5 276.01 37.62
6 276.30 37.96
7 281.82 46.30
8 287.34 54.64
9 292.86 62.98
10 298.38 71.32
11 303.90 79.66



12 307.11 84.52

*** 1.244 ***

Failure Surface Specified By 10 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10

X-Surf
(ft)

57.47
62.81
269.14
273.70
279.22
284.74
290.26
295.78
301.30
304.66

Y-Surf
(ft)

26.53
21.18
32.28
37.72
46.05
54.39
62.73
71.07
79.41
84.48

*** 1.256 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

54.00
59.62
59.64
239.16
241.76
247.28
252.80
258.32
263.84
269.36
274.42

Y-Surf
(ft)

25.61
20.00
19.98
31.58
34.69
43.03
51.37
59.70
68.04
76.38
84.04

*** 1.259 ***

Failure Surface Specified By 11 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 72.57 30.49



2 74.06 29.00
3 81.13 21.93
4 265.43 34.91
5 267.27 37.11
6 272.79 45.44
7 278.31 53.78
8 283.83 62.12
9 289.35 70.46
10 294.87 78.80
11 298.57 84.39

*** 1.261 ***

Failure Surface Specified By 10 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 54.99 25.88
2 60.29 20.57
3 274.19 32.69
4 278.81 38.20
5 284.33 46.54
6 289.85 54.88
7 295.37 63.22
8 300.89 71.56
9 306.41 79.89
10 309.49 84.55

*** 1.263 ***

Failure Surface Specified By 10 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 57.22 26.46
2 63.08 20.60
3 252.07 34.41
4 253.22 35.77
5 258.74 44.11
6 264.26 52.45
7 269.78 60.79
8 275.30 69.13
9 280.81 77.47
10 285.27 84.20

*** 1.264 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-24-96

RES
sectbdbq.dat
sectbdbq.out
sectbdbq.pit

PROBLEM DESCRIPTION Skinner-Sect BB-Drained-Block-Equake

BOUNDARY COORDINATES

5 Top Boundaries
19 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

X-Left
(ft)

.00
35.00
85.00
110.00
263.00
263.00
320.00
110.00
120.00
145.00
167.00
204.00
234.00
253.00
253.00
204.00
120.00

.00
84.00

Y-Left
(ft)

11.00
18.00
20.00
22.00
65.00
65.00
68.00
22.00
22.00
26.00
30.00
40.00
50.00
60.00
60.00
40.00
22.00
2.00

10.00

X-Right(ft)
35.00
85.00
110.00
263.00
376.00
320.00
376.00
120.00
145.00
167.00
204.00
234.00
253.00
263.00
376.00
376.00
376.00
84.00
376.00

Y-Right
(ft)

18.00
20.00
22.00
65.00
82.00
68.00
82.00
22.00
26.00
30.00
40.00
50.00
60.00
65.00
63 .00
42.00
31.00
10.00
23.00

Soil Type
Below End

5
5
5
1
1
2
2
5
4
4
4
3
3
2
3
4
5
6
6

ISOTROPIC SOIL PARAMETERS



6 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4
5
6

125.0
125.0
125.0
125.0
125.0
150.0

135.0
135.0
135.0
135.0
135.0
150.0

750.0
200.0
750.0

.0
1000.0
8000.0

.0
23.0
10.0
36.0
20.0

.0

.00

.00

.00

.00

.00

.00

,0
,0
0
0
0
0

1
1
I
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

l
2
3
4

X-Water
(ft)

.00
140.00
180.00
376,00

Y-Water(ft)
5.00
15.00
20.00
38.00

A Horizontal Earthquake Loading Coefficient
Of .150 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

The Active And Passive Portions Of The Sliding Surfaces
Are Generated According To The Rankine Theory.

200 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base



Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 10.0

Box
No.

1
2

X-Left
(ft)

128.00
240.00

Y-Left
(ft)

20.00
26.00

X-Right
(ft)

170.00
304.00

Y-Right
(ft)

22.00
29.00

Height
(ft)

10.00
10.00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 15 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X-Surf(ft)
125.67
128.68
130.67
131.92
140.11
301.67
302.87
307.41
309.39
315.82
322.25
326.65
332.17
332.89
337.94

Y-Surf
(ft)

26.40
23.39
22.38
21.50
15.77
26.71
28.43
37.34
41.23
48.89
56.55
61.80
70.14
71.22
76.27

*** 1.940 ***

Failure Surface Specified By 15 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 133.36 28.57
2 137.18 24.75
3 141.11 22.74
4 141.96 22.15
5 150.16 16.41
6 301.48 27.89



7 301.84 28.39
8 306.38 37.30
9 308.37 41.21
10 314.80 48.87
11 321.22 56.53
12 325.62 61.77
13 331.14 70.11
14 331.67 70.92
15 336.87 76.11

*** 1.950 ***

Failure Surface Specified By 14 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 136.81 29.54
2 140.99 25.36
3 145.80 22.91
4 146.85 22.17
5 155.04 16.44
6 290.42 27.08
7 291.07 28.01
8 295.61 36.92
9 297.73 41.09
10 304.16 48.75
11 310.59 56.41
12 314.87 61.51
13 319.13 67.95
14 325.59 74.42

*** 1.962 ***

Failure Surface Specified By 14 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 132.37 28.29
2 136.09 24.57
3 139.78 22.70
4 140.57 22.14
5 148.76 16.40
6 286.36 25.83
7 287.81 27.90
8 292.35 36.81
9 294.51 41.05
10 300.94 48.71
11 307.36 56.37
12 311.61 61.43



13 315.81 67.78
14 321.89 73.86

*** 1.962 ***

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

X-Surf
(ft)

131.99
135.66
139.25
146.55
299.98
300.74
305.28
307.29
313.71
320.14
324.52
330.04
330.38
335.73

Y-Surf
(ft)

28.18
24.51
22.68
17.57
27.27
28.35
37.26
41.20
48.86
56.52
61.74
70.08
70.60
75.94

*** 1.972 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

127.
130.
133.
140.
295.
297.
302.
304.
310.
316.
321.
326.
332.

55
76
23
27
92
48
02
06
49
92
26
54
34

Y-Surf
(ft)

26.93
23.72
22.46
17.53
26.01
28.24
37.15
41.16
48.82
56.48
61.66
69.64
75.43

*** 1.976 ***



Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

138.89
143.28
148.62
156.31
277.86
279.21
283.75
286.01
292.44
298.87
303.02
307.06
312.13

Y-Surf
(ft)

30.12
25.73
23.01
17.62
25.66
27.60
36.51
40.95
48.61
56.27
61.22
67.32
72.39

*** 1.989 ***

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

X-Surf
(ft)

135.05
139.04
143.41
149.21
302.54
302.91
307.45
309.43
315.86
322.29
326.69
332.21
332.94
337.98

Y-Surf
(ft)

29.04
25.05
22.82
18.76
27.91
28.43
37.34
41.23
48.89
56.55
61.80
70.14
71.23
76.28

*** 1.990 ***

Failure Surface Specified By 13 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 126.37 26.60



2
3
4
5
6
7
8
9

10
11
12
13

129.46
131.62
137.77
287.61
289.91
294.45
296.59
303.02
309.45
313.71
317.96
324.28

23.51
22.41
18.11
24.68
27.97
36.88
41.08
48.74
56.40
61.48
67.89
74.22

*** 1.992 ***

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

X-Surf
(ft)

130.61
134.14
137.39
142.94
298.48
299.65
304.19
306.21
312.63
319.06
323.43
328.95
329.09
334.59

Y-Surf
(ft)

27.79
24.26
22.61
18.72
26.65
28.32
37.23
41.19
48.85
56.51
61.72
70.06
70.27
75.77

*** 1.994 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-24-96

RES
sectbdb.dat
sectbdb.out
sectbdb.plt

PROBLEM DESCRIPTION Skinner-Sect BB-Drained-Block

BOUNDARY COORDINATES

5 Top Boundaries
19 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

X-Left
(ft)

.00
35.00
85.00
110.00
263.00
263.00
320.00
110.00
120.00
145.00
167.00
204.00
234.00
253 .00
253. 00
204.00
120.00

. 00
84.00

Y-Left
(ft)

11.00
18.00
20.00
22.00
65.00
65.00
68.00
22.00
22.00
26.00
30.00
40.00
50.00
60.00
60.00
40.00
22,00
2.00

10.00

X-Right(ft)
35.00
85.00
110.00
263.00
376.00
320.00
376.00
120.00
145.00
167.00
204.00
234.00
253.00
263.00
376.00
376.00
376.00
84.00
376.00

Y-Right
(ft)

18.00
20.00
22.00
65.00
82.00
68.00
82.00
22.00
26.00
30.00
40.00
50.00
60.00
65.00
63.00
42.00
31.00
10.00
23.00

Soil
Below

5
5
5
1
1
2
2
5
4
4
4
3
3
2
3
4
5
6
6

Type
End

ISOTROPIC SOIL PARAMETERS



6 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4
5
6

125.0
125.0
125.0
125.0
125.0
150.0

135.0
135.0
135.0
135.0
135.0
150.0

750.0
200.0
750.0

.0
1000.0
8000.0

.0
23.0
10.0
36.0
20.0

.0

.00

.00

.00

.00

.00

.00

.0

.0

.0

.0

.0

.0

1
1
1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

.00
140.00
180.00
376.00

Y-Water. (ft)
5.00
15.00
20.00
38.00

A Horizontal Earthquake Loading Coefficient
Of .000 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

The Active And Passive Portions Of The Sliding Surfaces
Are Generated According To The Rankine Theory.

200 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base



Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 10.0

BOX
No.

1
2

X-Left(ft)
128.00
240.00

Y-Left
(ft)

20.00
26.00

X-Right
(ft)

170.00
304.00

Y-Right
(ft)

22.00
29.00

Height
(ft)

10.00
10.00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

141.34
145.97
151.97
159.79
251.67
254.41
258.95
261.52
267.94
274.37
278.25
281.81
283.98

Y-Surf
(ft)

30.81
26.18
23.12
17.64
22.81
26.73
35.64
40.67
48.33
55.99
60.62
65.99
68.16

*** 3.238 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8

X-Surf
(ft)

145.72
150.72
157.99
166.07
255.73
257.68
262.22
264.74

Y-Surf
(ft)

32.04
27.04
23.34
17.68
24.06
26.84
35.75
40.71



9 271.17 48.37
10 277.60 56.03
11 . 281.51 60.70
12 285.13 66.16
13 287.68 68.71

*** 3.252 ***

Failure Surface Specified By 13 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 139.98 30.43
2 144.49 25.92
3 150.10 23.06
4 156.19 18.80
5 250.17 22.19
6 253.32 26.69
7 257.86 35.60
8 260.44 40.66
9 266.86 48.32
10 273.29 55.98
11 277.16 60.59
12 280.70 65.93
13 282.73 67.97

*** 3.263 ***

Failure Surface Specified By 12 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 127.43 26.90
2 130.63 23.70
3 131.29 23.36
4 258.73 25.30
5 259.87 26.92
6 264.41 35.83
7 266.90 40.73
8 273.33 48.39
9 279.76 56.05
10 283.70 60.75
11 287.36 66.28
12 290.17 69.09

*** 3.269 ***



Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

134.35
138.27
142.45
143.36
151.55
252.61
257.15
259.59
266.02
272.44
276.30
279.82
281.76

Y-Surf
(ft)

28.84
24.92
22.79
22.15
16.42
26.94
35.85
40.65
48.31
55.97
60.57
65.89
67.82

*** 3.277 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

143.20
147.99
154.52
159.96
245.92
249.02
253.56
256.19
262.62
269.04
272.87
276.32
277.85

Y-Surf
(ft)

31.33
26.54
23.21
19.41
22.11
26.54
35.45
40.61
48.27
55.93
60.48
65.70
67.23

*** 3.298 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

X-Surf
(ft)

144.75

Y-Surf
(ft)

31.77



2
3
4
5
6
7
8
9
10
11
12
13

149.66
156.65
164.68
240.61
243.65
248.19
250.88
257.31
263.74
267.50
270.85
271.75

26.85
23.29
17.67
22.00
26.35
35.26
40.55
48.21
55.87
60.35
65.41
66.32

*** 3.303 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

125.08
128.04
129.88
136.79
258.11
258.81
263.35
265.86
272.29
278.72
282.65
286.29
288.97

Y-Surf
(ft)

26.24
23.29
22.35
17.51
25.87
26.88
35.79
40.72
48.38
56.04
60.72
66.23
68.91

*** 3.303 ***

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10

X-Surf
(ft)

132.37
136.09
139.78
140.57
148.76
286.36
287.81
292.35
294.51
300.94

Y-Surf
(ft)

28.29
24.57
22.70
22.14
16.40
25.83
27.90
36.81
41.05
48.71



11 307.36 56.37
12 311.61 61.43
13 315.81 67.78
14 321.89 73.86

*** 3.305 ***

Failure Surface Specified By 14 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 121.03 25.10
2 123.57 22.57
3 124.38 22.15
4 124.53 22.05
5 132.72 16.31
6 240.42 23.18
7 242.61 26.31
8 247.15 35.22
9 249.86 40.53
10 256.29 48.19
11 262.71 55.85
12 266.47 60.33
13 269.80 65.36
14 270.58 66.14

*** 3.309 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-24-96

RES
sectbdq.dat
sectbdq.out
sectbdq.plt

PROBLEM DESCRIPTION Skinner-Sect BB-Drained-Equake

BOUNDARY COORDINATES

5 Top Boundaries
19 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

X-Left
(ft)

Y-Left
(ft)

X-Right
(ft)

Y-Right
(ft)

»

35.
85.

110.
263.
263.
320.
110.
120.
145.
167.
204.
234.
253.
253.
204.
120.

.
84.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

11.
18.
20.
22.
65.
65.
68.
22.
22.
26.
30.
40.
50.
60.
60.
40.
22.
2.
10.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

35
85
110
263
376
320
376
120
145
167
204
234
253
263
376
376
376
84
376

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

18
20
22
65
82
68
82
22
26
30
40
50
60
65
63
42
31
10
23

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

Soil Type
Below End

5
5
5
1
1
2
2
5
4
4
4
3
3
2
3
4
5
6
6

ISOTROPIC SOIL PARAMETERS



6 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surf act-
No, (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4
5
6

125.0
125.0
125.0
125.0
125.0
150.0

135.0
135.0
135.0
135.0
135.0
150.0

750.0
200.0
750.0

.0
1000.0
8000.0

.0
23.0
10.0
36.0
20.0

.0

.00

.00

.00

.00

.00

.00

0
0
0
0
0
0

1
1
1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

.00
140.00
180.00
376.00

Y-Water
(ft)

5.00
15.00
20.00
38.00

A Horizontal Earthquake Loading Coefficient
Of .150 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

400 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X = 30.00 ft.

and X = 200.00 ft.

Each Surface Terminates Between X = 230.00 ft.



and X = 365.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = .00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 28 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Circle Center At X = 99.9 ; Y = 649.4 and Radius, 627.4

*** 1.782 ***

110.53
120.52
130.52
140.50
150.47
160.43
170.38
180.31
190.21
200.10
209.96
219.79
229 .59
239.35
2 4 9 . 0 8
258.78
268 .43
278.04
287.61
297.13
306.59
316.01
325.37
334.67
343.91
353.09
362.21
363.41

22.15
22 .40
22.81
23.37
24.10
24.99
26.03
27.24
28.60
30.12
31.79
33.63
35.62
37.76
40 .06
42.52
45.13
47.89
50.81
53.88
57.10
60.47
63.99
67.65
71.47
75.43
79.54
80.11



Failure Surface Specified By 26 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
-13
14
15
16
17
18
19
20
21
22
23
24
25
26

X-Surf
(ft)

Y-Surf
(ft)

119.47
129.47
139.47
149.47
159.46
169.45
179.42
189.37
199.30
209.20
219.07
228.90
238.69
248.43
258.12
267.75
277.33
286.84
296.28
305.64
314.93
324.13
333.25
342.28
351.21
357.81

24.66
24.34
24.23
24.34
24.67
25.21
25.97
26.94
28.13
29.54
31.16
32.99
35.04
37.30
39.77
42.45
45.34
48.43
51.73
55.24
58.94
62.85
66.96
71.26
75.76
79.26

Circle Center At X = 139.4 ; Y = 485.1 and Radius, 460.9

*** 1.812 ***

Failure Surface Specified By 25 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

110.53
120.52
130.52
140.50
150.47
160.42
170.35
180.26
190.14
199.99
209.80

Y-Surf
(ft)

22.15
22.35
22.75
23.34
24.13
25.10
26.27
27.63
29.18
30.91
32.84



12
13
14
15
16
17
18
19
20
21
22
23
24
25

219.57
229.30
238.99
248.62
258.21
267.73
277.20
286.60
295.93
305.19
314.38
323.49
332.52
334.68

34.96
37.26
39.75
42.43
45.29
48.34
51.56
54.97
58.56
62.33
66.28
70.41
74.70
75.78

Circle Center At X = 104.8 ; Y = 541.4 and Radius, 519.3

*** 1.843 ***

Failure Surface Specified By 19 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Circle Center At X = 224.4 ; Y = 313.8 and Radius, 271.1

*** 1.853 ***

191.05
201.00
210.97
220.97
230.97
240.96
250.93
260.86
270.74
280.56
290.31
299.96
309.51
318.95
328.25
337.42
346.43
355.27
361.14

44.78
43.73
43.05
42.74
42.80
43.22
44.02
45.18
46.70
48.59
50.84
53.45
56.42
59.73
63.39
67.39
71.73
76.39
79.76

Failure Surface Specified By 29 Coordinate Points

Point X-Surf Y-Surf



No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
'27
28
29

92.63
102.45
112.32
122.24
132.19
142.17
152.16
162.16
172.16
182.14
192.10
202.03
211.91
221.74
231.50
241.20
250.81
260.33
269.75
279.06
288.25
297.32
306.24
315.02
323.65
332.11
340.40
348.52
350.07

20.61
18.71
17.11
15.83
14.86
14.20
13.85
13.82
14.10
14.70
15.61
16.83
18.36
20.20
22.35
24.80
27.56
30.62
33.97
37.62
41.56
45.78
50.29
55.08
60.14
65.46
71.05
76.90
78.10

Circle Center At X = 158.2 ; Y = 332.4 and Radius, 318.6

*** 1.880 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X-Surf
(ft)

119.47
129.06
138.78
148.60
158.50
168.46
178.45
188.45
198.44
208.37
218.25
228.03
237.69
247.22
256.58

Y-Surf
(ft)

24.66
21.82
19.45
17.57
16.18
15.29
14.90
15.00
15.61
16.71
18.30
20.38
22.95
26.00
29.52



16
17
18
19
20
21
22
23
24

265.75
274.71
283.45
291.92
300.13
308.04
315.63
322.89
323.64

33.50
37.93
42.80
48.11
53.83
59.95
66.45
73.33
74.12

Circle Center At X = 181.4 ; Y = 215.4 and Radius, 200.6

*** 1.883 ***

Failure Surface Specified By 19 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

X-Surf
(ft)

128.42
138.40
148.39
158.39
168.38
178.35
188.28
198.16
207.97
217.70
227.34
236.87
246.28
255.56
264.69
273.66
282.46
291.07
298.50

Y-Surf
(ft)

27.18
26.48
26.16
26.22
26.65
27.46
28.65
30.21
32.14
34.43
37.10
40.12
43.50
47.23
51.31
55.73
60.49
65.57
70.34

Circle Center At X = 151.9 ; Y = 291.6 and Radius, 265.4

*** 1.892 ***

Failure Surface Specified By 23 Coordinate Points

Point
No.

1
2
3

X-Surf
(ft)

128.42
138.42
148.42

Y-Surf
(ft)

27.18
27.21
27.46



4 158.41 27.94
5 168.38 28.65
6 178.34 29.57
7 188.27 30.72
8 198.18 32.10
9 208.05 33.69
10 217.88 35.51
11 227.67 37.55
12 237.41 39.81
13 247.10 42.28
14 256.73 44.97
15 266.30 47.88
16 275.80 51.00
17 285.23 54.34
18 294.58 57.89
19 303.85 61.64
20 313.03 65.60
21 322.12 69.77
22 331.11 74.14
23 334.15 75.70

Circle Center At X = 132.1 ; Y = 472.3 and Radius, 445.1

*** 1.901 ***

Failure Surface Specified By 27 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 101.58 21.33
2 111.40 19.43
3 121.27 17.87
4 131.20 16.65
5 141.16 15.78
6 151.15 15.25
7 161.15 15.06
8 171.15 15.23
9 181.13 15.74
10 191.10 16.59
11 201.02 17.79
12 210.90 19.33
13 220.73 21.21
14 230.48 23.43
15 240.15 25.98
16 249.72 28.87
17 259.19 32.09
18 268.54 35.63
19 277.76 39.49
20 286.85 43.67
21 295.78 48.16
22 304.56 52.96
23 313.16 58.06
24 321.58 63.45
25 329.81 69.13



26 337.84 75.10
27 339.64 76.53

Circle Center At X = 161.4 ; Y = 304.3 and Radius, 289.2

*** 1.906 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4
5
6
1
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

X-Surf
(ft)

128.42
138.42
148.40
158.38
168.34
178.29
188.21
198.11
207.99
217.83
227.64
237.41
247.14
256.83
266.47
276.06
285.60
295.08
304.50
313.86
323.16
332.38
341.53
345.60

Y-Surf
(ft)

27.18
27.50
28.00
28.68
29.55
30.59
31.82
33.23
34.81
36.58
38.53
40.65
42.95
45.43
48.09
50.92
53.92
57.10
60.45
63.97
67.66
71.52
75.55
77.43

Circle Center At X = 115.9 ; Y = 576.0 and Radius, 548.9

*** 1.915 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-24-96

RES
sectbd.dat
sectbd.out
sectbd.plt

PROBLEM DESCRIPTION Skinner-Sect BB-Drained

BOUNDARY COORDINATES

5 Top Boundaries
19 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

X-Left
(ft)

.00
35.00
85.00
110.00
263.00
263.00
320.00
110.00
120.00
145.00
167.00
204.00
234.00
253.00
253.00
204.00
120.00

.00
84.00

Y-Left
(ft)

11.00
18.00
20.00
22.00
65.00
65.00
68.00
22.00
22.00
26.00
30.00
40.00
50.00
60.00
60.00
40.00
22.00
2.00
10.00

X-Right
(ft)

35.00
85.00
110.00
263.00
376.00
320.00
376.00
120.00
145.00
167.00
204.00
234.00
253.00
263.00
376.00
376.00
376.00
84.00
376.00

Y-Right Soil Type
(ft) Below End

18.00
20.00
22.00
65.00
82.00
68.00
82.00
22.00
26.00
30.00
40.00
50.00
60.00
65.00
63.00
42.00
31.00
10.00
23.00

5
5
5
1
1
2
2
5
4
4
4
3
3
2
3
4
5
6
6

ISOTROPIC SOIL PARAMETERS



6 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surfact
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4
5
6

125.0
125.0
125.0
125.0
125.0
150.0

135.0
135.0
135.0
135.0
135.0
150.0

750.0
200.0
750.0

.0
1000.0
8000.0

.0
23.0
10.0
36.0
20.0

.0

.00

.00

.00

.00

.00

.00

,0
,0
,0
0
0
0

1
1
1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

.00
140.00
180.00
376.00

Y-Water(ft)
5.00

15.00
20.00
38.00

A Horizontal Earthquake Loading Coefficient
Of .000 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified,

400 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X = 30.00 ft.

and X = 200.00 ft.

Each Surface Terminates Between X = 230.00 ft.



and X = 365.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = .00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 28 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Circle Center At X = 99.9 ; Y = 649.4 and Radius, 627.4

*** 2.986 ***

110.53
120.52
130.52
140.50
150.47
160.43
170.38
180.31
190.21
200.10
209.96
219.79
229.59
239.35
249 .08
258.78
268.43
278.04
287.61
297.13
306.59
316.01
325.37
334.67
343.91
353.09
362.21
363.41

22.15
22 .40
22.81
23.37
24.10
24.99
26.03
27 .24
28.60
30.12
31.79
33.63
35.62
37.76
40.06
42.52
45.13
47.89
50.81
53.88
57.10
60.47
63.99
67.65
71.47
75.43
79.54
80.11



Failure Surface Specified By 25 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

X-Surf(ft)
110.53
120.52
130.52
140.50
150.47
160.42
170.35
180.26
190.14
199.99
209.80
219.57
229.30
238.99
248.62
258.21
267.73
277.20
286.60
295.93
305.19
314.38
323.49
332.52
334.68

Y-Surf
(ft)

22.15
22.35
22.75
23.34
24.13
25.10
26.27
27.63
29.18
30.91
32.84
34.96
37.26
39.75
42.43
45.29
48.34
51.56
54.97
58.56
62.33
66.28
70.41
74.70
75.78

Circle Center At X = 104.8 541.4 and Radius, 519.3

*** 3.020 ***

Failure Surface Specified By 19 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12

X-Surf
(ft)

128.42
138.40
148.39
158.39
168.38
178.35
188.28
198.16
207.97
217.70
227.34
236.87

Y-Surf
(ft)

27.18
26.48
26.16
26.22
26.65
27.46
28.65
30.21
32.14
34.43
37.10
40.12



13
14
15
16
17
18
19

246.28
255.56
264.69
273.66
282.46
291.07
298.50

43.50
47.23
51.31
55.73
60.49
65.57
70.34

Circle Center At X = 151.9 ; Y = 291.6 and Radius, 265.4

*** 3.024 ***

Failure Surface Specified By 26 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

X-Surf
(ft)

119.47
129.47
139.47
149.47
159.46
169.45
179.42
189.37
199.30
209.20
219.07
228.90
238.69
248.43
258.12
267.75
277.33
286.84
296.28
305.64
314.93
324.13
333.25
342.28
351.21
357.81

Y-Surf
(ft)

24.66
24.34
24.23
24.34
24.67
25.21
25.97
26.94
28.13
29.54
31.16
32.99
35.04
37.30
39.77
42.45
45.34
48.43
51.73
55.24
58.94
62.85
66.96
71.26
75.76
79.26

Circle Center At X = 139.4 ; Y = 485.1 and Radius, 460.9

*** 3.035 ***

Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y-Surf



• No. (ft) (ft)

1 119.47 24.66
2 129.06 21.82
3 138.78 19.45
4 148.60 17.57
5 158.50 16.18
6 168.46 15.29
7 178.45 14.90
8 188.45 15.00
9 198.44 15.61
10 208.37 16.71
11 218.25 18.30
12 228.03 20.38
13 237.69 22.95
14 247.22 26.00
15 256.58 29.52
16 265.75 33.50
17 274.71 37.93
18 283.45 42.80
19 291.92 48.11
20 300.13 53.83
21 308.04 59.95
22 315.63 66.45
23 322.89 73.33
24 323.64 74.12

Circle Center At X = 181.4 ; Y = 215.4 and Radius, 200.6

*** 3.064 ***

Failure Surface Specified By 21 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 119.47 24.66
2 128.95 21.48
3 138.61 18.87
4 148.40 16.86
5 158.30 15.45
6 168.27 14.64
7 178.27 14.44
8 188.26 14.85
9 198.21 15.86
10 208.08 17.48
11 217.83 19.70
12 227.43 22.51
13 236.83 25.89
14 246.02 29.85
15 254.95 34.35
16 263.59 39.39
17 271.90 44.94
18 279.87 50.99
19 287.44 57.51
20 294.61 64.49



21 300.17 70.59

Circle Center At X = 176.5 ; Y = 178.7 and Radius, 164.3

*** 3.069 ***

Failure Surface Specified By 29 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

X-Surf
(ft)

92.63
102.45
112.32
122.24
132.19
142.17
152.16
162.16
172.16
182.14
192.10
202.03
211.91
221.74
231.50
241.20
250.81
260.33
269.75
279.06
288.25
297.32
306.24
315.02
323.65
332.11
340.40
348.52
350.07

Y-Surf
(ft)

20.61
18.71
17.11
15.83
14.86
14.20
13.85
13.82
14.10
14.70
15.61
16.83
18.36
20.20
22.35
24.80
27.56
30.62
33.97
37.62
41.56
45.78
50.29
55.08
60.14
65.46
71.05
76.90
78.10

Circle Center At X = 158.2 ; Y = 332.4 and Radius, 318.6

*** 3.105 ***

Failure Surface Specified By 16 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 146.32 32.21



2
3
4
5
6
7
8
9
10
11
12
13
14
15.
16

156.24
166.22
176.22
186.21
196.15
206.02
215.78
225.41
234.86
244.11
253.13
261.88
270.35
278.50
281.22

30.97
30.31
30.22
30.69
31.73
33.34
35.51
38.24
41.50
45.30
49.62
54.45
59.77
65.56
67.74

Circle Center At X = 172.9 ; Y = 205.5 and Radius, 175.4

*** 3.105 ***

Failure Surface Specified By 18 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

X-Surf
(ft)

110.53
120.53
130.52
140.50
150.45
160.36
170.22
180.01
189.74
199.38
208.92
218.36
227.68
236.87
245.93
254.83
263.58
271.25

Y-Surf
(ft)

22.15
22.14
22.48
23.15
24.15
25.49
27.17
29.18
31.51
34.17
37.16
40.46
44.09
48.02
52.26
56.81
61.65
66.24

Circle Center At X = 115.6 ; Y = 318.6 and Radius, 296.5

*** 3.111 ***

Failure Surface Specified By 17 Coordinate Points

Point X-Surf Y-Surf



(ft)
155.26
165.11
175.04
185.02
195.02
205.00
214.94
224.81
234.55
244.16
253.59
262.82
271.81
280.54
288.97
297.08
301.71

(ft)

34.72
32.97
31.78
31.16
31.11
31.63
32.73
34.39
36.61
39.39
42.71
46.57
50.95
55.83
61.21
67.06
70.82

NO.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Circle Center At X = 190.8 ; Y = 205.8 and Radius, 174.7

*** 3.120 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-24-96

RES
sectcdb.dat
sectcdb.out
sectcdb.plt

PROBLEM DESCRIPTION Skinner-Sect CC-Drained-Block

BOUNDARY COORDINATES

5 Top Boundaries
10 Total Boundaries

Boundary
No.

I
2
3
4
5
6
7
8
9
10

X-Left
(ft)

•

13.
25.

204.
272.
25.

129.
129.

.

65.

00
00
00
00
00
00
00
00
00
00

Y-Left
(ft)

12.
18.
18.
65.
84.
18.
24.
24.
5.
10.

00
00
00
00
00
00
00
00
00
00

X-Right
(ft)

13.
25.

204.
272.
340.
129.
204.
340.
65.

340.

00
00
00
00
00
00
00
00
00
00

Y-Right
(ft)

18.
18.
65.
84.
85.
24.
65.
44.
10.
32.

00
00
00
00
00
00
00
00
00
00

Soil Type
Below End

3
3
1
2
2
3
2
3
4
4

ISOTROPIC SOIL PARAMETERS

4 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

125.0 135.0 750.0 .0 .00 .0



2 125.0
3 125.0
4 150.0

135.0
135.0
150.0

200.0
1000.0
8000.0

23.0
10.0

.0

.00

.00

.00

.0

.0

.0

1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

.00
30.00
140.00
340.00

Y-Water
(ft)

3.00
10.00
20.00
40.00

A Horizontal Earthquake Loading Coefficient
Of .000 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

The Active And Passive Portions Of The Sliding Surfaces
Are Generated According To The Rankine Theory.

200 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 10.0

Box
No.

1
2

X-Left
(ft)

54.00
204.00

Y-Left
(ft)

16.00
28.00

X-Right
(ft)

82.00
280.00

Y-Right
(ft)

18.00
36.00

Height
(ft)

10.00
10.00



Following Are Displayed The ,Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 10 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10

X-Surf
( f t )

56.73
61.88

251.18
257.14
262.66
268.18
273.70
279 .22
284.74
288.98

Y-Surf
(f t )

26.33
21.18
29.04
36,15
4 4 . 4 9
52.82
61.16
69.50
77.84
84.25

*** 2.031 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

54.
59.
59.

239.
241.
247.
252.
258.
263.
269.
274.

00
62
64
16
76
28
80
32
84
36
42

Y-Surf
(ft)

25.61
20.00
19.98
31.58
34.69
43.03
51.37
59.70
68.04
76.38
84.04

*** 2.045 ***

Failure Surface Specified By 11 Coordinate Points

Point X-Surf Y-Surf



No.

1
2
3
4
5
6
7
8
9

10
11

(ft)

72.69
74.80
81.87

257.34
259.62
265.14
270.66
276.18
281.70
287.22
291.33

(ft)

30.52
28.42
21.34
33.66
36.38
44.72
53.06
61.40
69.74
78.08
84.28

*** 2.047 ***

Failure Surface Specified By 10 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10

X-Surf
(ft)

57.59
63.55
261.05
266.06
271.58
277.09
282.61
288.13
293.65
297.42

Y-Surf
(ft)

26.56
20.60
31.03
36.99
45.33
53.67
62.01
70.35
78.69
84.37

*** 2.057 ***

Failure Surface Specified By 10 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10

X-Surf
(ft)

57.22
63.08
252.07
253.22
258.74
264.26
269.78
275.30
280.81
285.27

Y-Surf
(ft)

26.46
20.60
34.41
35.77
44.11
52.45
60.79
69.13
77.47
84.20



*** 2.069 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11

X-Surf
(f t)

53.38
57.70

246.36
252.78
253.34
258.85
264.37
269.89
275.41
280.93
285.38

Y-Surf
(ft)

25.45
21.14
27.47
35.13
35.79
44.12
52.46
60.80
69.14
77.48
84.20

*** 2.073 ***

Failure Surface Specified By 10 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10

X-Surf
(ft)

61.80
67.65
233.00
239.28
244.80
250.32
255.84
261.36
266.88
272.08

Y-Surf
(ft)

27.66
21.81
26.96
34.45
42.79
51.13
59.47
67.81
76.15
84.00

*** 2.077 ***

Failure Surface Specified By 12 Coordinate PoinLs

Point
No.

1
2
3
4

X-Surf
(ft)

72.07
72.86
79.93
264.54

Y-Surf
(ft)

30.36
29.58
22.50
29.55



5
6
7
8
9
10
11
12

270.97
271.19
276.71
282.23
287.75
293.27
298.79
302.28

37.21
37. 4|
45.82
54.16
62.49
70.83
79.17
84.45

*** 2.083 ***

Failure Surface Specified By 12 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12

X-Surf
(ft)

58.43
64.91
65.21
72.87
248.95
253.28
258.80
264.32
269.84
275.36
280.88
285.33

Y-Surf
(ft)

26.78
20.30
20.05
13.62
30.62
35.78
44.12
52.46
60.80
69.14
77.47
84.20

*** 2.097 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

51.78
56.96
63.77

247.39
253.31
258.83
264.35
269.87
275.39
280.91
285.36

Y-Surf
(ft)

25.03
19.84
14.13
28.73
35.78
44.12
52.46
60.80
69.14
77.48
84.20

*** 2.098 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-24-96

RES
sectcdq.dat
sectcdq.out
sectcdq.plt

PROBLEM DESCRIPTION Skinner-Sect CC-Drained-Equake

BOUNDARY COORDINATES

5 Top Boundaries
10 Total Boundaries

Boundary
No.

1 .
2
3
4
5
6
7
8
9
10

X-Left
(ft)

^

13.
25.

204.
272.
25.

129.
129.

.

65.

00
00
00
00
00
00
00
00
00
00

Y-Left
(ft)

12.
18.
18.
65.
84.
18.
24.
24.
5.
10.

00
00
00
00
00
00
00
00
00
00

X-Right
(ft)

13.
25.

204.
272.
340.
129.
204.
340.
65.

340.

00
00
00
00
00
00
00
00
00
00

Y-Right Soil Type
(ft) Below Bnd

18
18
65
84
85
24
65
44
10
32

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

3
3
1
2
2
3
2
3
4
4

ISOTROPIC SOIL PARAMETERS

4 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

125.0 135.0 750.0 .0 .00 .0



2 125.0
3 125.0
4 150.0

135.0
135.0
150.0

200.0
1000.0
8000.0

23.0
10.0

.0

.00

.00

.00

.0

.0

.0

1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water 62.40

Piezometric Surface No. l Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

.00
30.00
140.00
340.00

Y-Water
(ft)

3.00
10.00
20.00
40.00

A Horizontal Earthquake Loading Coefficient
Of .150 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified,

400 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X = 10.00 ft.

and X = 150.00 ft.

Each Surface Terminates Between X = 180.00 ft.
and X = 335.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = .00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.



Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 26 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 98.42 37.28
2 107.72 33.60
3 117.19 30.39
4 126.81 27.66
5 136.56 25.41
6 146.40 23.66
7 156.32 22.40
8 166.29 21.63
9 176.29 21.37
10 186.28 21.60
11 196.26 22.34
12 206.18 23.57
13 216.03 25.30
14 225.78 27.51
15 235.41 30.22
16 244.89 33.40
17 254.20 37.05
18 263;32 41.16
19 272.21 45.72
20 280.87 50.73
21 289.27 56.15
22 297.39 62.00
23 305.20 68.24
24 312.69 74.86
25 319.85 81.85
26 322.52 84.74

Circle Center At X = 176.6 ; Y = 221.3 and Radius, 199.9

*** 1.297 ***

Failure Surface Specified By 27 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 76.32 31.47
2 86.08 29.31
3 95.91 27.49
4 105.80 26.02
5 115.74 24.90



6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

125.71
135.70
145.70
155.70
165.68
175.63
185.54
195.39
205.18
214.90
224.52
234.04
243.45
252.73
261.87
270.87
279.70
288.37
296.85
305.14
313.23
318.23

24.13
23.71
23.64
23.93
24.57
25.56
26.90
28.59
30.63
33.01
35.73
38.79
42.19
45.91
49.96
54.33
59.01
64.00
69.30
74.89
80.77
84.68

Circle Center At X = 142.6 ; Y = 307.1 and Radius, 283.5

*** 1.308 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

X-Surf
(ft)

76.32
86.05
95.87

105.77
115.73
125.71
135.71
145.71
155.67
165.59
175.44
185.21
194.87
204.40
213.79
223.01
232.05
240 .89
249.51
257.90
266.03
273.89
281.47

Y-Surf
(f t)

31.47
29.18
27.32
25.90
24 .93
24.41
2 4 . 3 4
24.71
25.54
26.81
28.52
30.67
33.26
36.28
39.73
43.59
47.87
52.54
57.61
63.06
68.88
75.05
81.58



24 284.23 84.18

Circle Center At X = 132.3 ; Y = 247.1 and Radius, 222.8

*** 1.313 ***

Failure Surface Specified By 23 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

X-Surf
(ft)

91.05
100.00
109.25
118.73
128.41
138.25
148.18
158.17
168.17
178.12
187.99
197.71
207.25
216.55
225.58
234.28
242.63
250.56
258.06
265.07
271.57
277.52
280.10

Y-Surf
(ft)

35.34
30.89
27.06
23.89
21.39
19.57
18.44
18.01
18.27
19.23
20.88
23.21
26.22
29.88
34.18
39.10
44.62
50.70
57.32
64.45
72.05
80.09
84.12

Circle Center At X = 159.4 ; Y = 161.4 and Radius, 143.4

*** 1.314 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

l
2
3
4
5
6
7

X-Surf
(ft)

91.05
100.57
110.23
120.01
129.87
139.81
149.79

Y-Surf
(ft)

35.34
32.28
29.69
27.58
25.95
24.82
24.17



8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

159.79
169.78
179.75
189.66
199.49
209.22
218.83
228.29
237.57
246.66
255.54
264.18
272.55
280.65
288.45
295.93
302.06

24.02
24.37
25.20
26.53
28.35
30.65
33.42
36.67
40.38
44.55
49.16
54.20
59.66
65.53
71.79
78.43
84.44

Circle Center At X = 157.8 ; Y = 226.5 and Radius, 202.5

*** 1.314 ***

Failure Surface Specified By 26 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

X-Surf
(ft)

68.95
78.88
88.84
98.83
108.83
118.83
128.82
138.80
148.75
158.68
168.56
178.39
188.16
197.87
207.49
217.03
226.48
235.83
245.06
254.18
263.16
272.02
280.73
289.28
297.68
299.91

Y-Surf
(ft)

29.54
28.39
27.53
26.98
26.72
26.77
27.11
27.75
28.69
29.93
31.47
33.30
35.42
37.84
40.54
43.54
46.82
50.37
54.21
58.32
62.71
67.36
72.27
77.45
82.87
84.41

Circle Center At X = 112.4 ; Y = 360.5 and Radius, 333.8



*** 1.318 ***

Failure Surface Specified By 29 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

X-Surf
(ft)

68.95
78.79
88.68
98.61
108.57
118.55
128.55
138.55
148.54
158.52
168.48
178.41
188.30
198.13
207.91
217.63
227.26
236.82
246.28
255.64
264.89
274.02
283.02
291.89
300.62
309.20
317.63
325.88
326.45

Y-Surf
(ft)

29.54
27.76
26.28
25.09
24.20
23.61
23.32
23.33
23.64
24.25
25.15
26.35
27.85
29.65
31.73
34.11
36.78
39.74
42.98
46.50
50.30
54.38
58.73
63.34
68.22
73.36
78.75
84.39
84.80

Circle Center At X = 133.3 ; Y = 357.4 and Radius, 334.1

*** 1.332 ***

Failure Surface Specified By 28 Coordinate Points

Point
No.

1
2
3
4
5

X-Surf
( f t )

46.84
56.66
66.53
76.45
86.41

Y-Surf
( f t )

23 .74
21.82
20.23
18.96
18.03



6 96.39 17.42
7 106.38 17.14
8 116.38 17.19
9 126.38 17.57
10 136.35 18.28
11 146.30 19.31
12 156.20 20.68
13 166.06 22.37
14 175.85 24.39
15 185.58 26.72
16 195.22 29.38
17 204.77 32.35
18 214.21 35.63
19 223.54 39.23
20 232.75 43.13
21 241.82 47.33
22 250.76 51.83
23 259.53 56.62
24 268.15 61.70
25 276.59 67.06
26 284.85 72.69
27 292.92 78.60
28 300.36 84.42

Circle Center At X = 109.9 ; Y - 320.4 and Radius, 303.3

*** 1.342 ***

Failure Surface Specified By 26 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 54.21 25.67
2 63.87 23.10
3 73.64 20.95
4 83.49 19.24
5 93.41 17,95
6 103.37 17.11
7 113.37 16.70
8 123.37 16.73
9 133.36 17.20
10 143.31 18=11
11 153.22 19.45
12 163.06 21.23
13 172.82 23.43
14 182.47 26.07
15 191.99 29.12
16 201.37 32.59
17 210.59 36.46
18 219.63 40.74
19 228.47 45.41
20 237.10 50.46
21 245.50 55.89
22 253.65 61.68



23 261.54 67.82
24 269.16 74.30
25 276.48 81.11
26 279.44 84.11

Circle Center At X = 117.7 ; Y = 244.6 and Radius, 227.9

*** 1.344 ***

Failure Surface Specified By 22 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

X-Surf
( f t )

91.05
100.81
110.66
120.58
130.54
140.54
150.54
160.52
170.45
180.33
190.11
199.79
209.34
218.73
227.95
236.97
245.78
254.35
262.67
270.71
278.46
283.76

Y-Surf
( f t )

35.34
33.14
31.40
30.14
29.35
29.04
29 .20
29.84
30.95
32.54
34.60
37.12
40.10
43.53
47 .40
51.71
56.45
61.60
67.15
73.09
79.41
84.17

Circle Center At X = 142.1 ; Y = 238.7 and Radius, 209.7

*** 1.347 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-24-96

RES
sectcd.dat
sectcd.out
sectcd.plt

PROBLEM DESCRIPTION Skinner-Sect CC-Drained

BOUNDARY COORDINATES

5 Top Boundaries
10 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10

X-Left
(ft)

.00
13.00
25.00
204.00
272.00
25.00
129.00
129.00

.00
65.00

Y-Left
(ft)

12.00
18.00
18.00
65.00
84.00
18.00
24.00
24.00
5.00

10.00

X-Right
(ft)

13.00
25.00
204.00
272.00
340.00
129.00
204.00
340.00
65.00
340.00

Y-Right
(ft)

18.00
18.00
65.00
84.00
85.00
24.00
65.00
44.00
10.00
32. 00

Soil Type
Below End

3
3
1
2
2
3
2
3
4
4

ISOTROPIC SOIL PARAMETERS

4 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

125.0 135.0 750.0 .0 .00 .0



2 125.0
3 125.0
4 150.0

135.0
135.0
150.0

200.0
1000.0
8000.0

23.0
10.0

.0

.00

.00

.00

.0

.0

.0

1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

.00
30.00
140.00
340.00

Y-Water
(ft)

3.00
10.00
20.00
40.00

A Horizontal Earthquake Loading Coefficient
Of .000 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified,

400 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X = 10.00 ft.

and X = 150.00 ft.

Each Surface Terminates Between X = 180.00 ft.
and X = 335.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = .00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.



Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 23 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 91.05 35.34
2 100.00 30.89
3 109.25 27.06
4 118.73 23.89
5 128.41 21.39
6 138.25 19.57
7 148.18 18.44
8 158.17 18.01
9 168.17 18.27
10 178.12 19.23
11 187.99 20.88
12 197.71 23.21
13 207.25 26.22
14 216.55 29.88
15 225.58 34.18
16 234.28 39.10
17 242.63 44.62
18 250.56 50.70
19 258.06 57.32
20 265.07 64.45
21 271.57 72.05
22 277.52 80.09
23 280.10 84.12

Circle Center At X = 159.4 ; Y = 161.4 and Radius, 143.4

*** 2.112 ***

Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 76.32 31.47
2 86.05 29.18
3 95.87 27.32
4 105.77 25.90
5 115.73 24.93
6 125.71 24.41
7 135.71 24.34
8 145.71 24.71



9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

155.67
165.59
175.44
185.21
194.87
204.40
213.79
223.01
232.05
240.89
249.51
257.90
266.03
273.89
281.47
284.23

25.54
26.81
28.52
30.67
33.26
36.28
39.73
43.59
47.87
52.54
57.61
63.06
68.88
75.05
81.58
84.18

Circle Center At X = 132.3 ; Y = 247.1 and Radius, 222.8

*** 2.118 ***

Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Circle Center At X = 157.8 ; Y = 226.5 and Radius, 202.5

91.05
100.57
110.23
120.01
129.87
139.81
149.79
159.79
169.78
179.75
189.66
199.49
209.22
218.83
228.29
237.57
2 4 6 . 6 6
255.54
264.18
272.55
280.65
288.45
295.93
302.06

35.34
32.28
29.69
27.58
25.95
24.82
24.17
24 .02
24.37
25.20
26.53
28.35
30.65
33.42
36.67
40.38
44.55
49.16
54.20
59.66
65.53
71.79
78.43
84.44

*** 2.151 ***



Failure Surface Specified By 26 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

X-Surf
(ft)

54.21
63.87
73.64
83.49
93.41
103.37
113.37
123.37
133.36
143.31
153.22
163.06
172.82
182.47
191.99
201.37
210.59
219.63
228.47
237.10
245.50
253.65
261.54
269.16
276.48
279.44

Y-Surf
(ft)

25.67
23.10
20.95
19.24
17.95
17.11
16.70
16.73
17.20
18.11
19.45
21.23
23.43
26.07
29.12
32.59
36.46
40.74
45.41
50.46
55.89
61.68
67.82
74.30
81.11
84.11

Circle Center At X = 117.7 ; Y = 244.6 and Radius, 227.9

*** 2.153 ***

Failure Surface Specified By 26 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10

X-Surf
(ft)

68.95
78.88
38.84
98.83
108.83
118.83
128.82
138.80
148.75
158.68

Y-Surf
(ft)

29.54
28.39
27.53
26.98
26.72
26.77
27.11
27.75
28.69
29.93



11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

168.56
178.39
188.16
197.87
207.49
217.03
226.48
235.83
245.06
254.18
263.16
272.02
280.73
289.28
297.68
299.91

31.47
33.30
35.42
37.84
40.54
43.54
46.82
50.37
54.21
58.32
62.71
67.36
72.27
77.45
82.87
84.41

Circle Center At X = 112.4 ; Y = 360.5 and Radius, 333.8

*** 2.154 ***

Failure Surface Specified By 22 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

X-Surf
(ft)

91.05
100.81
110.66
120.58
130.54
140.54
150.54
160.52
170.45
180.33
190.11
199.79
209.34
218.73
227.95
236.97
245.78
254.35
262.67
270.71
278 .46
283.76

Y-Surf
(ft)

35.34
33.14
31.40
30.14
29.35
29.04
29.20
29.84
30.95
32.54
34.60
37.12
40.10
43.53
47.40
51.71
56.45
61.60
67.15
73.09
79.41
84.17

Circle Center At X = 142.1 ; Y = 238.7 and Radius, 209.7

*** 2.173 ***



Failure Surface Specified By 28 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

X-Surf
(ft)

46.84
56.66
66.53
76.45
86.41
96.39
106.38
116.38
126.38
136.35
146.30
156.20
166.06
175.85
185.58
195.22
204.77
214.21
223.54
232.75
241.82
250.76
259.53
268.15
276.59
284.85
292.92
300.36

Y-Surf
(ft)

23.74
21.82
20.23
18.96
18.03
17.42
17.14
17.19
17.57
18.28
19.31
20.68
22.37
24.39
26.72
29.38
32.35
35.63
39.23
43.13
47.33
51.83
56.62
61.70
67.06
72.69
78.60
84.42

Circle Center At X = 109.9 ; Y = 320.4 and Radius, 303.3

*** 2.175 ***

Failure Surface Specified By 27 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

76.32
86.08
95.91
105.80
115.74
125.71
135.70
145.70
155.70
165.68
175.63

Y-Surf
(ft)

31.47
29.31
27.49
26.02
24.90
24.13
23.71
23.64
23.93
24.57
25.56



12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

185.54
195.39
205.18
214.90
224.52
234.04
243.45
252.73
261.87
270.87
279.70
288.37
296.85
305.14
313.23
318.23

26.90
28.59
30.63
33.01
35.73
38.79
42.19
45.91
49.96
54.33
59.01
64.00
69.30
74.89
80.77
84.68

Circle Center At X = 142.6 ; Y = 307.1 and Radius, 283.5

*** 2.181 ***

Failure Surface Specified By 26 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

X-Surf
(ft)

98.42
107.72
117.19
126.81
136.56
146.40
156.32
166.29
176.29
186.28
196.26
206.18
216.03
225.78
235.41
244.89
254.20
263.32
272.21
280.87
289.27
297.39
305.20
312.69
319.85
322.52

Y-Surf
(ft)

37.28
33.60
30.39
27.66
25.41
23.66
22.40
21.63
21.37
21.60
22.34
23.57
25.30
27.51
30.22
33.40
37.05
-41.16
45.72
50.73
56.15
62.00
68.24
74.86
81.85
84.74

Circle Center At X = 176.6 ; Y = 221.3 and Pxadius, 199.9



*** 2.183 ***

Failure Surface Specified By 31 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

X-Surf
(f t)

32.11
42.00
51.93
61.88
71.86
81.85
91.85

101.85
111.84
121.82
131.77
141.70
151.59
161.43
171.23
180.96
190.64
200.24
209.76
219.19
228.54
237.78
246 .92
255.94
264.85
273.63
282.27
290.78
299.15
307.36
307 .68

Y-Surf
(f t )

19.87
18.40
17.20
16.27
15.61
15.21
15.09
15.23
15.65
16.33
17.28
18.50
19.99
21.74
23.75
26 .03
28.57
31.37
34.43
37.74
41.31
45.12
49.19
53.50
58.05
62.83
67.85
73.11
78.59
84.29
84.52

Circle Center At X = 91.5 ; Y = 386.4 and Radius, 371.3

*** 2.213 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-23-96

RES
sectcubq.dat
sectcubq.out
sectcubq.plt

PROBLEM DESCRIPTION Skinner-Sect CC-Undrained-Block-Equake

BOUNDARY COORDINATES

5 Top Boundaries
10 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10

X-Left(ft)
.00

13.00
25.00
204.00
272.00
25.00
129.00
129.00

.00
65.00

Y-Left
(ft)

12.00
18.00
18.00
65.00
84.00
18.00
24.00
24.00
5.00

10.00

X-Right
(ft)

13.00
25.00
204.00
272.00
340.00
129.00
204.00
340.00
65.00
340.00

Y-Right
(ft)

18.00
18.00
65.00
84.00
85.00
24.00
65.00
44.00
10.00
32.00

Soil Type
Below End

3
3
1
2
2
3
2
3
4
4

ISOTROPIC SOIL PARAMETERS

4 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

125.0 135.0 750.0 .0 .00 .0



2 125.0
3 125.0
4 150.0

135.0
135.0
150.0

200.0
1500.0
8000.0

23.0
.0
.0

.00

.00

.00

.0

.0

.0

1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. l Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

.00
30.00
140.00
340.00

Y-Water
(ft)

3.00
10.00
20.00
40.00

A Horizontal Earthquake Loading Coefficient
Of .150 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = . 0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

The Active And Passive Portions Of The Sliding Surfaces
Are Generated According To The Rankine Theory.

200 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 10.0

Box
No.

1
2

X-Left
(ft)

54.00
204.00

Y-Left
(ft)

16.00
28.00

X-Right(ft)
82.00
280.00

Y-Right
(ft)

18.00
36.00

Height
(ft)

10.00
10.00



Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 12 Coordinate Points

Point
No.

I
2
3
4
5
6
7
8
9

10
11
12

X-Surf
(ft)

69.60
70.34
77.41

269.59
276.66
277.72
283.24
288.76
294 .28
299.80
305.32
308.46

Y-Surf
(ft)

29.71
28.97
21.90
29.96
37.03
38.10
4 6 . 4 4
54.77
63.11
71.45
79.79
84.54

*** 1.089 ***

Failure Surface Specified By 12 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12

X-Surf
(ft)

72.
72.
79.
264.
271.
272.
278.
283.
289.
294.
300.
303.

07
86
93
54
61
60
12
64
16
68
20
61

Y-Surf
(ft)

30.36
29.58
22.50
29.55
36.62
37.61
45.95
54.29
62.63
70.97
79.31
84.46

*** 1.090 ***

Failure Surface Specified By 10 Coordinate Points



Point
No.

1
2
3
4
5
6
7
8
9
10

X-Surf
(ft)

57.59
63.55
261.05
267.12
272.64
278.16
283.67
289.19
294.71
298.42

Y-Surf
(ft)

26.56
20.60
31.03
37.09
45.43
53.77
62.11
70.45
78.79
84.39

*** 1.106 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11

X-Surf
(ft)

56.73
61.88

251.18
258.25
258.41
263.93
2 6 9 . 4 4
274.96
280.48
286.00
290.18

Y-Surf
(ft)

26.33
21.18
29.04
36.11
36.27
44.60
52.94
61.28
69.62
77.96
84.27

*** 1.111 ***

Failure Surface Specified By 10 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

X-Surf
(ft)

57.47
62.81
269.14
274.67
280.19
285.71
291.23
296.75
302.27

Y-Surf
(ft)

26.53
21.18
32.28
37.81
46.15
54.49
62.82
71.16
79.50



10 305.57 84.49

*** 1.117 ***

Failure Surface Specified By 10 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10

X-Surf
(ft)

54.99
60.29
274.19
279.79
285.31
290.83
296.35
301.87
307.39
310.42

Y-Surf
(ft)

25.88
20.57
32.69
38.29
46.63
54.97
63.31
71.65
79.99
84.56

*** 1.118 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11

X-Surf
(f t )

72.69
74.80
81.87

257.34
260.10
265.62
271.14
276 .66
282.18
287.70
291.78

Y-Surf
( f t )

30.52
28 .42
21.34
33.66
36.43
44.77
53.10
61.44
69.78
78.12
84 .29

*** 1.132 ***

Failure Surface Specified By 11 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 53.38 25.45



2
3
4
5
6
7
8
9
10
11

57.70
246.36
253.43
254.81
260.33
265.85
271.37
276.89
282.41
286.78

21.14
27.47
34.54
35.93
44.26
52.60
60.94
69.28
77.62
84.22

*** i. ]_47 ***

Failure Surface Specified By 10 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10

X-Surf
(ft)

64.15
71.18
278.79
281.86
287.37
292.89
298.41
303.93
309.45
312.37

Y-Surf
(ft)

28.28
21.25
35.42
38.49
46.83
55.17
63.51
71.84
80.18
84.59

*** 1.150 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13

X-Surf
(ft)

66.87
67.91
74.99
78.67

267.06
274.13
275.16
280.68
286.20
291.72
297.24
302.76
306.04

Y-Surf
(ft)

28.99
27.95
20.88
17.20
29.75
36.83
37.85
46.19
54.53
62.87
71.21
79.55
84.50



*** 1.153 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-23-96

RES
sectcub.dat
sectcub.out
sectcub.plt

PROBLEM DESCRIPTION Skinner-Sect CC-Undrained

BOUNDARY COORDINATES

5 Top Boundaries
10 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10

X-Left
(ft)

.00
13.00
25.00
204.00
272.00
25.00
129.00
129.00

.00
65.00

Y-Left
(ft)

12.00
18.00
18.00
65.00
84.00
18.00
24.00
24.00
5.00
10.00

X-Right(ft)
13.00
25.00
204.00
272.00
340.00
129.00
204.00
340.00
65.00
340.00

Y-Right
(ft)

18.00
18.00
65.00
84.00
85.00
24.00
65.00
44.00
10.00
32.00

Soil
Below

3
3
1
2
2
3
2
3
4
4

Type
End

ISOTROPIC SOIL PARAMETERS

4 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

125.0 135.0 750.0 .0 .00 . 0



2 125.0
3 125.0
4 150.0

135.0
135.0
150.0

200.0
1500.0
8000.0

23.0
.0
.0

.00

.00

.00

.0

.0

.0

1
1
1

1 PIF^OMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

.00
30.00
140.00
340.00

Y-Water
(ft)

3.00
10.00
20.00
40.00

A Horizontal Earthquake Loading Coefficient
Of .000 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = . 0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

The Active And Passive Portions Of The Sliding Surfaces
Are Generated According To The Rankine Theory.

200 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 10.0

Box
No.

1
2

X-Left
(ft)

54.00
204.00

Y-Left
(ft)

16.00
28.00

X-Right
(ft)

82.00
280.00

Y-Right
(ft)

18.00
36.00

Height
(ft)

10.00
10.00



Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11

X-Surf
(f t )

56.73
61.88

251.18
258.25
258.41
263.93
269 .44
274.96
280.48
286.00
290.18

Y-Surf
(f t)

26.33
21.18
29.04
36.11
36.27
44.60
52.94
61.28
69.62
77.96
84.27

*** 1.827 ***

Failure Surface Specified By 12 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12

X-Surf
(ft)

72.07
72.86
79.93

264 .54
271.61
2 7 2 . 6 0
278.12
283.64
289.16
294 .68
300 .20
303 .61

Y-Surf
(f t )

30.36
29.58
22.50
29.55
36.62
37.61
45.95
54.29
62.63
70.97
79.31
84 .46

*** 1.841 ***

Failure Surface Specified By 10 Coordinate Points



Point
No.

1
2
3
4
5
6
7
8
9

10

X-Surf
(ft)

57.59
63.55

261.05
267.12
272.64
278.16
283.67
289.19
294.71
298.42

Y-Surf
(ft)

26.56
20.60
31.03
37.09
45.43
53.77
62.11
70.45
78.79
84.39

*** 1.845 ***

Failure Surface Specified By 12 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12

X-Surf
(ft)

69.60
70.34
77.41

269.59
276.66
277.72
283.24
288.76
294.28
299.80
305.32
308.46

Y-Surf
(ft)

29.71
28.97
21.90
29.96
37.03
38.10
46.44
54.77
63.11
71.45
79.79
84.54

*** 1.860 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

X-Surf
( f t )

53.38
57.70

246 .36
253.43
254.81
260.33
265.85
271.37
276.89

Y-Surf
(f t )

25.45
21.14
27.47
34.54
35.93
44 .26
52.60
60.94
69.28



10 282.41 77.62
11 286.78 84.22

*** 1.873 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

72.69
74.80
81.87
257.34
260.10
265.62
271.14
276.66
282.18
287.70
291.78

Y-Surf
(ft)

30.52
28.42
21.34
33.66
36.43
44.77
53.10
61.44
69.78
78.12
84.29

*** 1.873 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11

X-Surf
(f t )

61.80
67.65

233.00
240.07
240 .62
246.14
251.65
257.17
262 .69
268.21
273.34

Y-Surf
(f t )

27 .66
21.81
26.96
34.03
34.58
42 .92
51.26
59.60
67.94
76.27
84.02

*** 1.891 ***

Failure Surface Specified By 10 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)



1
2
3
4
5
6
7
8
9

10

57.47
62.81

269.14
274.67
280.19
285.71
291.23
296.75
302.27
305.57

26.53
21.18
32.28
37.81
46.15
54.49
62.82
71.16
79.50
84.49

*** 1.896 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11

X-Surf
(ft)

54.00
59.62
59.64

239.16
242.31
247.83
253.35
258.87
264.39
269.91
274.95

Y-Surf
(ft)

25.62
20.00
19.98
31.58
34.74
43.08
51.42
59.76
68.10
76.43
84.04

*** 1.902 ***

Failure Surface Specified By 10 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10

X-Surf
(ft)

54.99
60.29

274.19
279.79
285.31
290.83
296.35
301.87
307.39
310.42

Y-Surf
(ft)

25.88
20.57
32.69
38.29
46.63
54.97
63.31
71.65
79.99
84.56

*** 1.919 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-23-96

RES
sectcuq.dat
sectcuq.out
sectcuq.plt

PROBLEM DESCRIPTION Skinner-Sect CC-Undrained-Equake

BOUNDARY COORDINATES

5 Top Boundaries
10 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10

X-Left
(ft)

.00
13.00
25.00
204.00
272.00
25.00
129.00
129.00

.00
65.00

Y-Left
(ft)

12.00
18.00
18.00
65.00
84.00
18.00
24.00
24.00
5.00
10.00

X-Right
(ft)

13.00
25.00
204.00
272.00
340.00
129.00
204.00
340.00
65.00
340.00

Y-Right
(ft)

18.00
18.00
65.00
84.00
85.00
24.00
65.00
44.00
10.00
32.00

Soil Type
Below End

3
3
1
2
2
3
2
3
4
4

ISOTROPIC SOIL PARAMETERS

4 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

125.0 135.0 750.0 .0 .00 .0



2 125.0
3 125.0
4 150.0

135.0
135.0
150.0

200.0
1500.0
8000.0

23.0
.0
.0

.00

.00

.00

.0

.0

.0

1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
( f t )

.00
30.00

140.00
340.00

Y-Water
(f t )

3.00
10.00
20.00
40.00

A Horizontal Earthquake Loading Coefficient
Of .150 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

400 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X = 10.00 ft.

and X = 150.00 ft.

Each Surface Terminates Between X = 180.00 ft.
and X = 335.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = .00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.



Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 26 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

X-Surf
(ft)

98.42
107.72
117.19
126.81
136.56
146.40
156.32
166.29
176.29
186.28
196.26
206.18
216.03
225.78
235.41
244.89
254.20
263.32
272.21
280.87
289.27
297.39
305.20
312.69
319.85
322.52

Y-Surf
(ft)

37.28
33.60
30.39
27.66
25.41
23.66
22.40
21.63
21.37
21.60
22.34
23.57
25.30
27.51
30.22
33.40
37.05
41.16
45.72
50.73
56.15
62.00
68.24
74.86
81.85
84.74

Circle Center At X = 176.6 ; Y = 221.3 and Radius, 199.9

*** 1.167 ***

Failure Surface Specified By 23 Coordinate Points

Point
No.

1
2
3
4
5

X-Surf
(ft)

91.05
100.00
109.25
118.73
128.41

Y-Surf
(ft)

35.34
30.89
27.06
23.89
21.39



6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Circle Center At X = 159.4 ; Y = 161.4 and Radius, 143.4

*** 1.201 ***

138.25
148.18
158.17
168.17
178.12
187.99
197.71
207.25
216.55
225.58
234.28
242.63
250.56
258.06
265.07
271.57
277.52
280.10

19.57
18.44
18.01
18.27
19.23
20.88
23.21
26 .22
29.88
34.18
39.10
44.62
50.70
57.32
64.45
72.05
80.09
84.12

Failure Surface Specified By 23 Coordinate Points

Point
NO.

1
2
3
4
5
6
7
8
9
10
11
12
13

. 14
15
16
17
18
19
20
21
22
23

X-Surf
(ft)

113.16
122.09
131.30
140.75
150.39
160.18
170.09
180.06
190.06
200.04
209.96
219.78
229.45
238.93
248.17
257.15
265.82
274.14
282.07
289.59
296.66
303.25
308.06

Y-Surf
(ft)

41.15
36.65
32.75
29.47
26.82
24.80
23.44
22.73
22.68
23.29
24.55
26.47
29.03
32.22
36.02
40.43
45.42
50.96
57.05
63.64
70.71
78.24
84.53

Circle Center At X = 185.8 ; Y = 174.4 and Radius, 151.8



*** 1.221 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

X-Surf
(ft)

91.05
100.57
110.23
120.01
129.87
139.81
149.79
159.79
169.78
179.75
189.66
199.49
209.22
218.83
228.29
237.57
246.66
255.54
264.18
272.55
280.65
288.45
295.93
302.06

Y-Surf
(ft)

35.34
32.28
29.69
27.58
25.95
24.82
24.17
24.02
24.37
25.20
26.53
28.35
30.65
33.42
36.67
40.38
44.55
49.16
54.20
59.66
65.53
71.79
78.43
84.44

Circle Center At X = 157.8 ; Y = 226.5 and Radius, 202.5

*** 1.252 ***

Failure Surface Specified By 27 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

76.32
86.08
95.91
105.80
115.74
125.71
135.70
145.70
155.70
165.68
175.63

Y-Surf
(ft)

31.47
29.31
27.49
26.02
24.90
24.13
23.71
23.64
23.93
24.57
25.56



12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

185.54
195.39
205.18
214.90
224.52
234.04
243.45
252.73
261.87
270.87
279.70
288.37
296.85
305.14
313.23
318.23

26.90
28.59
30.63
33.01
35.73
38.79
42.19
45.91
49.96
54.33
59.01
64.00
69.30
74.89
80.77
84.68

Circle Center At X = 142.6 ; Y = 307.1 and Radius, 283.5

*** 1.262 ***

Failure Surface Specified By 25 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

X-Surf
(ft)

113.16
122.53
132.06
141.72
151.50
161.37
171.30
181.28
191.28
201.27
211.24
221.16
231.01
240.77
250.40
259.90
269.23
278.39
287.33
296.05
304.53
312.73
320.66
328.28
334.64

Y-Surf
(ft)

41.15
37.66
34.63
32.06
29.96
28.33
27.18
26.51
26.32
26.61
27.39
28.64
30.38
32.58
35.25
38.38
41.97
46.00
50.47
55.37
60.67
66.39
72.49
78.96
84.92

Circle Center At X = 190.2 ; Y = 233.8 and Radius, 207.5

*** 1.276 ***



Failure Surface Specified By 29 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

X-Surf
(ft)

68.95
78.79
88.68
98.61
108.57
118.55
128.55
138.55
148.54
158.52
168.48
178.41
188.30
198.13
207.91
217.63
227.26
236.82
246.28
255.64
264.89
274.02
283.02
291.89
300.62
309.20
317.63
325.88
326.45

Y-Surf
(ft)

29.54
27.76
26.28
25.09
24.20
23.61
23.32
23.33
23.64
24.25
25.15
26.35
27.85
29.65
31.73
34.11
36.78
39.74
42.98
46.50
50.30
54.38
58.73
63.34
68.22
73.36
78.75
84.39
84.80

Circle Center At X = 133.3 ; Y = 357.4 and Radius, 334.1

*** 1.293 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4
5
6
7

X-Surf
(ft)

76.32
86.05
95.87
105.77
115.73
125.71
135.71

Y-Surf
(ft)

31.47
29.18
27.32
25.90
24.93
24.41
24.34



8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

145.71
155.67
165.59
175.44
185.21
194.87
204.40
213.79
223.01
232.05
240.89
249.51
257.90
266.03
273.89
281.47
284.23

24.71
25.54
26.81
28.52
30.67
33.26
36.28
39.73
43.59
47.87
52.54
57.61
63.06
68.88
75.05
81.58
84.18

Circle Center At X = 132.3 ; Y = 247.1 and Radius, 222.8

*** 1.301 ***

Failure Surface Specified By 26 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10-
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

X-Surf
(ft)

54.21
63.87
73.64
83.49
93.41
103.37
113.37
123.37
133.36
143.31
153.22
163.06
172.82
182.47
191.99
201.37
210.59
219.63
228.47
237.10
245.50
253.65
261.54
269.16
276.48
279.44

Y-Surf
(ft)

25.67
23.10
20.95
19.24
17.95
17.11
16.70
16.73
17.20
18.11
19.45
21.23
23.43
.26.07
29.12
32.59
36.46
40.74
45.41
50.46
55.89
61.68
67.82
74.30
81.11
84.11

Circle Center At X = 117.7 ; Y = 244.6 and Radius, 227.9



*** 1.309 ***

Failure Surface Specified By 28 Coordinate Points

X-Surf
(ft)

Y-Surf
(ft)

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Circle Center At X = 109.9 ; Y = 320.4 and Radius, 303.3

46.84
56.66
66.53
76.45
86.41
96.39

106.38
116.38
126.38
136.35
146.30
156.20
166.06
175.85
185.58
195.22
204.77
214.21
223.54
232 .75
241.82
250.76
259.53
268.15
276.59
284.85
292.92
300.36

23.74
21.82
20 .23
18.96
18.03
17.42
17.14
17.19
17.57
18.28
19.31
20.68
22.37
24.39
26.72
29.38
32.35
35.63
39.23
43.13
47.33
51.83
56.62
61.70
67.06
72.69
78.60
84 .42

*** 1.317 ***
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** PGSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

1-23-96

RES
sectcu.dat
sectcu.out
sectcu.plt

PROBLEM DESCRIPTION Skinner-Sect CC-Undrained

BOUNDARY COORDINATES

5 Top Boundaries
10 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10

X-Left
(ft)

.00
13.00
25.00
204.00
272.00
25.00
129.00
129.00

.00
65.00

Y-Left
(ft)

12.00
18.00
18.00
65.00
84.00
18.00
24.00
24.00
5.00
10.00

X-Right
(ft)

13.00
25.00
204.00
272.00
340.00
129.00
204.00
340.00
65.00
340.00

Y-Right
(ft)

18.00
18.00
65.00
84.00
85.00
24.00
65.00
44.00
10.00
32.00

Soil
Below

3
3
1
2
2
3
2
3
4
4

Type
End

ISOTROPIC SOIL PARAMETERS

4 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

125.0 135.0 750.0 .0 .00 .0



2
3
4

125.0
125.0
150.0

135.0
135.0
150.0

200.0
1500.0
8000.0

23.0
.0
.0

.00

.00

.00

.0

.0

.0

1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

.00
30.00
140.00
340.00

Y -Water(ft)
3.00
10.00
20.00
40.00

A Horizontal Earthquake Loading Coefficient
Of .000 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified,

400 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X = 10.00 ft.

and X = 150.00 ft.

Each Surface Terminates Between X = 180.00 ft.
and X = 335.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = .00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.



Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 23 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

X-Surf
(ft)

91.05
100.00
109.25
118.73
128.41
138.25
148.18
158.17
168.17
178.12
187.99
197.71
207.25
216.55
225.58
234.28
242.63
250.56
258.06
265.07
271.57
277.52
280.10

Y-Surf
(ft)

35.34
30.89
27.06
23.89
21.39
19.57
18.44
18.01
18.27
19.23
20.88
23.21
26.22
29.88
34.18
39.10
44.62
50.70
57.32
64.45
72.05
80.09
84.12

Circle Center At X = 159.4 ; Y = 161.4 and Radius, 143.4

*** 1.932 ***

Failure Surface Specified By 26 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8

X-Surf
(ft)

98.42
107.72
117.19
126.81
136.56
146.40
156.32
166.29

Y-Surf
(ft)

37.28
33.60
30.39
27.66
25.41
23.66
22.40
21.63



I ._.

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

176.29
186.28
196.26
206.18
216.03
225.78
235.41
244.89
254.20
263.32
272.21
280.87
289.27
297.39
305.20
312.69
319.85
322.52

21.37
21.60
22.34
23.57
25.30
27.51
30.22
33.40
37.05
41.16
45.72
50.73
56.15
62.00
68.24
74.86
81.85
84.74

Circle Center At X = 176.6 ; Y = 221.3 and Radius, 199.9

*** 1.967 ***

Failure Surface Specified By 23 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

X-Surf
(ft)

113.16
122.09
131.30
140.75
150.39
160.18
170.09
180.06
190.06
200.04
209.96
219.78
229.45
238.93
248.17
257.15
265.82
274.14
282.07
289.59
296.66
303.25
308.06

Y-Surf
(ft)

41.15
36.65
32.75
29.47
26.82
24.80
23.44
22.73
22.68
23.29
24.55
26.47
29.03
32.22
36.02
40.43
45.42
50.96
57.05
63.64
70.71
78.24
84.53

Circle Center At X = 185.8 ; Y = 174.4 and Radius, 151.8



*** 2.019 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

X-Surf
(ft)

91.05
100.57
110.23
120.01
129.87
139.81
149.79
159.79
169.78
179.75
189.66
199.49
209.22
218.83
228.29
237.57
246.66
255.54
264.18
272.55
280.65
288.45
295.93
302.06

Y-Surf
(ft)

35.34
32.28
29.69
27.58
25.95
24.82
24.17
24.02
24.37
25.20
26.53
28.35
30.65
33.42
36.67
40.38
44.55
49.16
54.20
59.66
65.53
71.79
78.43
84.44

Circle Center At X = 157.8 ; Y = 226.5 and Radius, 202.5

*** 2.049 ***

Failure Surface Specified By 26 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

54
63
73
83
93
103
113
123
133
143
153

.21

.87

.64

.49

.41

.37

.37

.37

.36

.31

.22

Y-Surf
(ft)

25.67
23.10
20.95
19.24
17.95
17.11
16.70
16.73
17.20
18.11
19.45



12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

163.06
172.82
182.47
191.99
201.37
210.59
219.63
228.47
237.10
245.50
253.65
261.54
269.16
276.48
279.44

21.23
23.43
26.07
29.12
32.59
36.46
40.74
45.41
50.46
55.89
61.68
67.82
74.30
81.11
84.11

Circle Center At X = 117.7 ; Y = 244.6 and Radius, 227.9

*** 2.093 ***

Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Circle Center At X = 132.3 ; Y = 247.1 and Radius, 222.8

*** 2.097 ***

76.32
86.05
95.87

105.77
115.73
125.71
135.71
145.71
155.67
165.59
175.44
185.21
194.87
2 0 4 . 4 0
213.79
223.01
232.05
240.89
249.51
257.90
266.03
273 .89
281.47
284 .23

31.47
29.18
27.32
25.90
24.93
24.41
24.34
24.71
25.54
26.81
28.52
30.67
33.26
36.28
39.73
43.59
47.87
52.54
57.61
63.06
68.88
75.05
81.58
84.18



Failure Surface Specified By 27 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

X-Surf
(ft)

76.32
86.08
95.91
105.80
115.74
125.71
135.70
145.70
155.70
165.68
175.63
185.54
195.39
205.18
214.90
224.52
234.04
243.45
252.73
261.87
270.87
279.70
288.37
296.85
305.14
313.23
318.23

Y-Surf
(ft)

31.47
29.31
27.49
26.02
24.90
24.13
23.71
23.64
23.93
24.57
25.56
26.90
28.59
30.63
33.01
35.73
38.79
42.19
45.91
49.96
54.33
59.01
64.00
69.30
74.89
80.77
84.68

Circle Center At X = 142.6 ; Y = 307.1 and Radius, 283.5

*** 2.102 ***

Failure Surface Specified By 28 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

46.84
56.66
66.53
76.45
86.41
96.39
106.38
116.38
126.38
136.35
146.30

Y-Surf
(ft)

23.74
21.82
20.23
18.96
18.03
17.42
17.14
17.19
17.57
18.28
19.31



12 156.20 20.68
13 166.06 22.37
14 175.85 24.39
15 185.58 26.72
16 195.22 29.38
17 204.77 32.35
18 214.21 35.63
19 223.54 39.23
20 232.75 43.13
21 241.82 47.33
22 250.76 51.83
23 259.53 56.62
24 268.15 61.70
25 276.59 67.06
26 284.85 72.69
27 292.92 78.60
28 300.36 84.42

Circle Center At X = 109.9 ; Y = 320.4 and Radius, 303.3

*** 2.131 ***

Failure Surface Specified By 26 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 68.95 29.54
2 78.88 28.39
3 88.84 27.53
4 98.83 26.98
5 108.83 26.72
6 118.83 26.77
7 128.82 27.11
8 138.80 27.75
9 148.75 28.69
10 158.68 29.93
11 168.56 31.47
12 178.39 33.30
13 188.16 35.42
14 197.87 37.84
15 207.49 40.54
16 217.03 43.54
17 226.48 46.82
18 235.83 50.37
19 245.06 54.21
20 254.18 58.32
21 263.16 62.71
22 272.02 67.36
23 280.73 72.27
24 289.28 77.45
25 297.68 82.87
26 299.91 84.41

Circle Center At X = 112.4 ; Y = 360.5 and Radius, 333.8



*** 2.154 ***

Failure Surface Specified By 20 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

X-Surf
(ft)

98.42
107.34
116.61
126.16
135.93
145.84
155.83
165.83
175.75
185.54
195.12
204.43
213.40
221.96
230.06
237.63
244.62
250.99
256.69
258.33

Y-Surf
(ft)

37.28
32.76
29.01
26.05
23.90
22.59
22.12
22.49
23.70
25.74
28.60
32.26
36.69
41.85
47.72
54.26
61.40
69.11
77.33
80.18

Circle Center At X = 156.4 ; Y = 140.7 and Radius, 118.6

*** 2.161 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date: 1-22-96
Time of Run:
Run By: RES
Input Data Filename: sectddbq.dat
Output Filename: sectddbq.out
Plotted Output Filename: sectddbq.plt

PROBLEM DESCRIPTION Skinner-Sect DD-Drained-Block-Equake

BOUNDARY COORDINATES

9 Top Boundaries
15 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below End

1 4.00 27.00 9.00 27.00 4
2 9.00 2-7.00 15.00 28.00 4
3 15.00 28.00 22.00 32.00 4
4 22.00 32.00 32.00 38.00 3
5 32.00 38.00 51.00 40.00 3
6 51.00 40.00 88.00 52.00 1
7 88.00 52.00 100.00 56.00 3
8 100.00 56.00 202.00 90.00 2
9 202.00 90.00 300.00 100.00 2
10 100.00 56.00 300.00 67.00 3
11 51.00 40.00 72.00 42.00 3
12 72.00 42.00 88.00 52.00 3
13 22.00 32.00 300.00 48.00 4
14 4.00 25.00 20.00 25.00 5
15 20.00 25.00 300.00 40.00 5

ISOTROPIC SOIL PARAMETERS

5 Type(s) of Soil



Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4
5

125.0
125.0
125.0
125.0
150.0

135.0
135.0
135.0
135.0
150.0

750.0
200.0
750.0
1000.0
8000.0

.0
23.0
13.0
20.0

.0

.00

.00

.00

.00

.00

,0
,0
,0
,0
,0

1
1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. l Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

15.00
55.00
100.00
300.00

Y-Water(ft)
28.00
35.00
40.00
58.00

A Horizontal Earthquake Loading Coefficient
Of .150 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

The Active And Passive Portions Of The Sliding Surfaces
Are Generated According To The Rankine Theory.

200 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 10.0



Box
No.

1
2

X-Left
(ft)

48.00
152.00

Y-Left
(ft)

34.00
40.00

X-Right
(ft)

88.00
220.00

Y -Right
(ft)

36.00
44.00

Height
(ft)

10.00
10.00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 12 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12

X-Surf
(ft)

69.54
72.95
73.70
81.52
207.63
213.85
220.08
223.27
228.79
234.31
239.83
244.13

Y-Surf
(ft)

46.01
42.60
42.00
35.78
43.12
50.94
58.77
62.78
71.12
79.46
87.80
94.30

*** 1.225 ***

Failure Surface Specified By 10 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10

X-Surf
(ft)

49.03
55.74
195.67
201.90
208.12
210.61
216.13
221.65
227.17
231.05

Y-Surf
(ft)

39.79
34.45
43.31
51.14
58.96
62.08
70.42
78.76
87.10
92.96

*** 1.227 ***



"T

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

61.46
63.65
71.29
199.79
206.02
212.24
212.84
218.36
223.88
229.40
233.36

Y-Surf
(ft)

43.39
41.20
35.13
45.80
53.63
61.45
62.21
70.55
78.88
87.22
93.20

*** 1.236 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

60.24
62.17
68.91
190.96
197.18
203.41
204.83
210.35
215.87
221.38
225.07

Y-Surf(ft)
43.00
41.06
35.70
44.33
52.16
59.98
61.77
70.10
78.44
86.78
92.35

*** 1.237 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4

X-Surf
(ft)

66.16
69.34
76.87
219.38

Y-Surf
(ft)

44.92
41.75
35.75
44.09



5
6
7
8
9
10
11

225.61
231.83
234.75
240.27
245.79
251.31
256.00

51.92
59.74
63.41
71.75
80.09
88.43
95.51

*** 1.239 ***

Failure Surface Specified By 12 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12

X-Surf
(ft)

58.23
59.74
67.55
67.69
204.31
210.53
216.76
217.44
222.96
228.48
234.00
238.11

Y-Surf
(ft)

42.34
40.83
34.62
34.52
45.95
53.77
61.60
62.46
70.80
79.14
87.48
93.68

*** 1.244 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

. X-Surf
(ft)

51.10
51.13
55.90
189.57
195.79
202.02
204.87
210.39
215.91
221.43
225.12

Y-Surf
(ft)

40.03
40.01
36.22
42.52
50.35
58.17
61.77
70.11
78.45
86.78
92.36

*** i.244 ***



Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

51.58
51.70
58.01
175.09
181.31
187.54
191.11
196.63
202.15
207.67
210.90

Y-Surf
(ft)

40.19
40.07
35.05
40.87
48.70
56.52
61.01
69.35
77.69
86.03
90.91

*** 1.245 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

72.29
75.20
77.68
85.51
187.84
194.06
200.18
205.70
211.22
216.74
220.27

Y-Surf
(ft)

46.91
44.00
42.03
35.80
45.99
53.82
61.51
69.85
78.19
86.53
91.86

*** 1.248 ***

Failure Surface Specified By 10 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 43.42 39.20
2 48.71 35.00
3 198.60 42.82
4 204.82 50.64
5 211.05 58.47
6 214.07 62.27



7
8
9
10

219.59
225.11
230.63
234.63

70.61
78.95
87.29
93.33

*** 1.249 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date: 1-22-96
Time of Run:
Run By: RES
Input Data Filename: sectddb.dat
Output Filename: sectddb.out
Plotted Output Filename: sectddb.plt

PROBLEM DESCRIPTION Skinner-Sect DD-Drained

BOUNDARY COORDINATES

9 Top Boundaries
15 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below End

1 4.00 27.00 9.00 27.00 4
2 9.00 27.00 15.00 28.00 4
3 15.00 28.00 22.00 32.00 4
4 22.00 32.00 32.00 38.00 3
5 32.00 38.00 51.00 40.00 3
6 ' 51.00 40.00 88.00 52.00 1
7 88.00 52.00 100.00 56.00 3
8 100.00 56.00 202.00 90.00 2
9 202.00 90.00 300.00 100.00 2
10 100.00 56.00 300.00 67.00 3
11 51.00 40.00 72.00 42.00 3
12 72.00 42.00 88.00 52.00 3
13 22.00 32.00 300.00 48.00 4
14 4.00 25.00 20.00 25.00 5
15 20.00 25.00 300.00 40.00 5

ISOTROPIC SOIL PARAMETERS

5 Type(s) of Soil



Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4
5

125.0
125.0
125.0
125.0
150.0

135.0
135.0
135.0
135.0
150.0

750.0
200.0
750.0

1000.0
8000.0

.0
23.0
13.0
20.0

.0

.00

.00

.00

.00

.00

0
0
,0
,0
,0

1
1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

15.00
55.00
100.00
300.00

Y-Water
(ft)

28.00
35.00
40.00
58.00

A Horizontal Earthquake Loading Coefficient
Of .000 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

The Active And Passive Portions Of The Sliding Surfaces
Are Generated According To The Rankine Theory.

200 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 10.0



BOX
No.

1
2

X-Left
(ft)

48.00
152.00

Y-Left
(ft)

34.00
40.00

X-Right
(ft)

88.00
220.00

Y-Right
(ft)

36.00
44.00

Height
(ft)

10.00
10.00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

51.58
51.70
58.01
175.09
181.31
187.54
191.11
196.63
202.15
207.67
210.90

Y-Surf
(ft)

40.19
40.07
35.05
40.87
48.70
56.52
61.01
69.35
77.69
86.03
90.91

*** 1.876 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

54
55
60
177
184
190
193
198
204
209
213

.56

.31

.55

.81

.04

.26

.39

.91

.43

.95

.26

Y-Surf
(ft)

41.
40.
36.
41.
49.
57.
61.
69.
77.
86.
91.

16
41
24
55
37
20
14
48
81
15
15

*** 1.894 ***



Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11

X-Surf
(ft)

60.24
62.17
68.91

190.96
197.18
203.41
204.83
210.35
215.87
221.38
225.07

Y-Surf
(ft)

43.00
41.06
35.70
44.33
52.16
59.98
61.77
70.10
78.44
86.78
92.35

*** 1.896 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11

X-Surf
(ft)

72.29
75.20
77.68
85.51

187.84
194.06
200.18
205.70
211.22
216.74
2 2 0 . 2 7

Y-Surf
(f t )

46.91
44.00
42.03
35.80
45.99
53.82
61.51
69.85
78.19
86.53
91.86

*** 1.898 ***

Failure Surface Specified By 10 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 49.03 39.79
2 55.74 34.45
3 195.67 43.31
4 201.90 51.14



5
6
7
8
9
10

208.12
210.61
216.13
221.65
227.17
231.05

58.96
62.08
70.42
78.76
87.10
92.96

*** 1.900 ***

Failure Surface Specified By 12 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12

X-Surf
(ft)

71.15
74.27
75.30
83.12
179.01
185.23
191.46
192.16
197.68
203.20
208.72
211.99

Y-Surf
(ft)

46.54
43.42
42.60
36.38
44.53
52.35
60.18
61.07
69.41
77.75
86.09
91.02

*** 1.906 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

62
64
70
177
183
190
192
197
203
208
212

.23

.58

.12

.61

.84

.06

.21

.73

.25

.77

.04

Y-Surf
(ft)

43.64
41.29
36.89
42.72
50.54
58.37
61.07
69.41
77.75
86.09
91.02

*** 1.907 ***



Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

51.10
51.13
55.90
189.57
195.79
202.02
204.87
210.39
215.91
221.43
225.12

Y-Surf
(ft)

40.03
40.01
36.22
42.52
50.35
58.17
61.77
70.11
78.45
86.78
92.36

*** 1.908 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11

X-Surf
(ft)

58.77
60.40
65.47
189.37
195.59
201.82
203.69
209.21
214.73
220.25
223.90

Y-Surf
(ft)

42.52
40.89
36.86
43.69
51.52
59.34
61.70
70.04
78.38
86.72
92.23

*** 1.915 ***

Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7

X-Surf
(ft)

61.99
64.29
69.06
184.85
191.08
197.30
199.09

Y-Surf
(ft)

43.56
41.27
37.47
43.54
51.37
59.20
61.45



8
9

10
11

204.61
210.13
215.65
219.15

69.79
.78.13
86.47
91.75

*** 1.916 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date: 1-22-96
Time of Run:
Run By: RES
Input Data Filename: sectddq.dat
Output Filename: sectddq.out
Plotted Output Filename: sectddq.plt

PROBLEM DESCRIPTION Skinner-Sect DD-Undrained-Equake

BOUNDARY COORDINATES

9 Top Boundaries
15 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X-Left
(ft)

4.00
9.00
15.00
22.00
32.00
51.00
88.00
100.00
202.00
100.00
51.00
72.00
22.00
4.00
20.00

Y-Left
(ft)

27.00
27.00
28.00
32.00
38.00
40.00
52.00
56.00
90.00
56.00
40.00
42.00
32,00
25.00
25.00

X-Right(ft)
9.00

15.00
22.00
32.00
51.00
88.00
100.00
202.00
300.00
300.00
72.00
88.00
300.00
20.00
300.00

Y-Right(ft)
27.00
28.00
32.00
38.00
40.00
52.00
56.00
90.00

100. 00
67. 00
42.00
52.00
48.00
25.00
40. 00

Soil Type
Below End

4
4
4
3
3
I
3
2
2
3
3
3
4
5
5

ISOTROPIC SOIL PARAMETERS

5 Type(s) of Soil



Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4
5

125.0
125.0
125.0
125.0
150.0

135.0
135.0
135.0
135.0
150.0

750.0
200.0
750.0

1000.0
8000.0

.0
23.0
13.0
20.0

.0

.00

.00

.00

.00

.00

.0

.0

.0

.0

.0

1
1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

15.00
55.00
100.00
300.00

Y-Water
(ft)

28.00
35.00
40.00
58.00

A Horizontal Earthquake Loading Coefficient
Of .150 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

400 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X = 4.00 ft.

and X = 120.00 ft.

Each Surface Terminates Between X = 160.00 ft.
and X = 290.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 15.00 ft.



10.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 27 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

X-Surf
(ft)

46.74
56.68
66.64
76.63
86.63
96.63
106.62
116.60
126.56
136.49
146.37
156.21
166.00
175.72
185.37
194.94
204.42
213.81
223.09
232.26
241.31
250.24
259.03
267.68
276.18
284.52
287.14

Y-Surf
(ft)

39.55
38.44
37.62
37.09
36.85
36.90
37.24
37.87
38.78
39.98
41.47
43.25
45.31
47.65
50.28
53.18
56.35
59.80
63.52
67.51
71.76
76.27
81.04
86.06
91.33
96.84
98.69

Circle Center At X = 90.0 Y = 382.3 and Radius, 345.4

*** 1.270 ***

Failure Surface Specified By 22 Coordinate Points

Point X-Surf Y-Surf



No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

89.47
98.89
108.49
118.24
128.10
138.05
148.04
158.04
168.01
177.92
187.72
197.39
206.89
216.18
225.23
234.01
242.48
250.62
258.40
265.78
272.75
274.81

52.49
49.12
46.31
44.09
42.47
41.44
41.01
41.18
41.95
43.32
45.29
47.84
50.97
54.67
58.92
63.71
69.02
74.82
81.11
87.86
95.03
97.43

Circle Center At X = 150.2 ; Y = 207.0 and Radius, 166.0

*** 1.325 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

X-Surf
(ft)

77.26
87.07
96.95
106.89
116.86
126.85
136.85
146.84
156.80
166.72
176.58
186.36
196.05
205.64
215.10
224.42
233.58
242.58
251.39
260.01
268.41

Y-Surf
(ft)

48.52
46.58
45.03
43.89
43.15
42.81
42.88
43.35
44.23
45.51
47.18
49.26
51.73
54.59
57.83
61.45
65.45
69.82
74.54
79.62
85.04



22
23
24

276.59
284.52
286.63

Circle Center At X

90.80
96.88
98.64

130.2 ; Y = 290.0 and Radius, 247.3

*** 1.327 ***

Failure Surface Specified By 19 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

X-Surf
(ft)

77.26
86.98
96.82
106.75
116.73
126.73
136.71
146.64
156.48
166.19
175.74
185.10
194.24
203.11
211.69
219.94
227.85
235.37
242.36

Y-Surf(ft)
48.52
46.15
44.37
43.18
42.58
42.59
43.19
44.39
46.18
48.56
51.51
55.03
59.11
63.72
68.86
74.50
80.63
87.22
94.12

Circle Center At X = 121.7 ; Y = 209.5 and Radius, 167.0

*** 1.335 ***

Failure Surface Specified By 25 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

X-Surf
(ft)

40
50
60
70
80
90
100
110
120

.63

.59

.57

.57

.57

.56

.54

.50

.41

Y-Surf
(ft)

38.91
38.01
37.42
37.15
37.18
37.53
38.19
39.16
40.43



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

130.29
140.11
149.86
159.54
169.14
178.65
188.06
197.35
206.53
2 15 .'57
224.49
233.25
241.86
250.31
258.59
259.45

42.02
43.92
46.12
48.62
51.42
54.52
57.92
61.60
65.58
69.84
74.37
79.19
84.27
89.62
95.24
95.86

Circle Center At X = 74.4 ; Y = 357.9 and Radius, 320.8

*** 1.337 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

X-Surf
(ft)

77.26
87.10
97.00
106.95
116.93
126.92
136.92
146.91
156.87
166.79
176.65
186.45
196.15
205.76
215.25
224.62
233.85
242.91
251.82
260.54
269.06
277.38
285.48
289.44

Y-Surf
(ft)

48.52
46.73
45.31
44.28
43.63
43.37
43.49
43.99
44.88
46.14
47.79
49.82
52.22
55.00
58.14
61.64
65.50
69.71
74.27
79.17
84.39
89.95
95.81
98.92

Circle Center At X = 128.8 ; Y = 303.5 and Radius, 260.2

*** 1.337 ***



Failure Surface Specified By 18 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

X-Surf
(ft)

71.16
80.70
90.45
100.34
110.32
120.32
130.27
140.11
149.78
159.20
168.33
177.09
185.44
193.32
200.68
207.46
213.63
214.01

Y-Surf
(ft)

46.54
43.53
41.31
39.87
39.24
39.42
40.40
42.19
44.76
48.10
52.19
57.00
62.50
68.66
75.44
82.78
90.65
91.23

Circle Center At X = 113.1 ; Y = 163.1 and Radius, 123.9

*** 1.346 ***

Failure Surface Specified By 17 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

X-Surf
(ft)

71.
80.
90.

100.
110.
120.
130.
139.
149.
158.
167.
176.
184.
191.
198.
204.
208.

16
57
24
10
07
07
02
84
45
77
74
27
31
78
63
80
49

Y-Surf
(ft)

46
43
40
38
38
38
39
41
43
47
52
57
63
69
77
84
90

.54

.15

.61

.95

.17

.29

.30

.20

.96

.57

.00

.21

.16

.81

. 10

.97

.66

Circle Center At X = 113.8 ; Y = 150.0 and Radius, 111.9



*** 1.355 ***

Failure Surface Specified By 24 Coordinate Points

X-Surf
(ft)

Y-Surf
(ft)

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Circle Center At X = 92.8 ; Y = 289.5 and Radius, 254.1

46.74
56.61
66.53
76.50
86.49
96.49

106.48
116.45
126.39
136.27
146.09
155.82
165.46
174.98
184.38
193.64
202.73
211.66
220.41
228.95
237.29
245.40
253.28
257.00

39.55
37.93
36.71
35.87
35.43
35.38
35.72
36.46
37.58
39.10
41.01
43.30
45.97
49.02
52.44
56.23
60.38
64.88
69.73
74 .92
80.45
86.30
92.46
95.61

*** 1.369 ***

Failure Surface Specified By 20 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

X-Surf
(ft)

58
68
78
88
98
108
118
128
138

.95

.87

.84

.84

.84

.81

.75

.61

.39

Y-Surf
(ft)

42.58
41.34
40.57
40.29
40.49
41.17
42.32
43.96
46.06



10
11
12
13
14
15
16
17
18
19
20

148.05
157.58
166.95
176.15
185.14
193.92
202.45
210.72
218.72
226.41
227.67

48.63
51.66
55.15
59.08
63.45
68.25
73.46
79.08
85.09
91.47
92.62

Circle Center At X = 89.7 ; Y = 248.4 and Radius, 208.1

*** 1.370 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date: 1-22-96
Time of Run:
Run By: RES
Input Data Filename: sectdd.dat
Output Filename: sectdd.out
Plotted Output Filename: sectdd.plt

PROBLEM DESCRIPTION Skinner-Sect DD-Drained

BOUNDARY COORDINATES

9 Top Boundaries
15 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X-Left
(ft)

4.00
9.00
15.00
22.00
32.00
51.00
88.00
100.00
202.00
100.00
51.00
72.00
22.00
4.00
20.00

Y-Left
(ft)

27.00
27.00
28.00
32.00
38.00
40.00
52.00
56.00
90.00
56.00
40.00
42.00
32.00
25.00
25.00

X-Right
(ft)

9.00
15.00
22.00
32.00
51.00
88.00
100.00
202.00
300.00
300.00
72.00
88.00
300.00
20.00
300.00

Y-Right
(ft)

27.00
28.00
32.00
38.00
40.00
52.00
56.00
90.00
100.00
67.00
42.00
52.00
48.00
25.00
40.00

Soil Type
Below End

4
4
4
3
3
1
3
2
2
3
3
3
4
5
5

ISOTROPIC SOIL PARAMETERS

5 Type(s) of Soil



Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4
5

125.0
125.0
125.0
125.0
150.0

135.0
135.0
135.0
135.0
150.0

750.0
200.0
750.0

1000.0
8000.0

.0
23.0
13.0
20.0

.0

.00

.00

.00

.00

.00

0
0
0
0
0

1
1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. l Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

15.00
55.00
100.00
300.00

Y-Water
(ft)

28.00
35.00
40.00
58.00

A Horizontal Earthquake Loading Coefficient
Of .000 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

400 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X = 4.00 ft.

and X = 120.00 ft.

Each Surface Terminates Between X = 160.00 ft.
and X = 290.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 15.00 ft.



10.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 18 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

X-Surf
( f t )

71.16
80.70
90.45

100.34
110.32
120.32
130.27
140.11
149.78
159.20
168.33
177.09
185.44
193.32
200.68
2 0 7 . 4 6
213.63
214.01

Y-Surf
(f t )

46.54
43.53
41.31
39.87
39,24
39.42
40.40
42.19
44.76
48.10
52.19
57.00
62.50
68.66
75 .44
82.78
90.65
91.23

Circle Center At X = 113.1 ; Y = 163.1 and Radius, 123.9

*** 2.006 ***

Failure Surface Specified By 17 Coordinate Points

Point
No.

1
2
3
4
5
6
7

X-Surf
(ft)

71.16
80.57
90.24
100.10
110.07
120.07
130.02

Y-Surf
(ft)

46.54
43.15
40.61
38.95
38.17
38.29
39.30



8
9
10
11
12
13
14
15
16
17

139.84
149.45
158.77
167.74
176.27
184.31
191.78
198.63
204.80
208.49

41.20
43.96
47.57
52.00
57.21
63.16
69.81
77.10
84.97
90.66

"~\

Circle Center At X = 113.8 ; Y = 150.0 and Radius, 111.9

*** 2.013 ***

Failure Surface Specified By 27 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

X-Surf
(ft)

46.74
56.68
66.64
76.63
86.63
96.63
106.62
116.60
126.56
136.49
146.37
156.21
166.00
175.72
185.37
194.94
204.42
213.81
223.09
232.26
241.31
250.24
259.03
267.68
276.18
284.52
287.14

Y-Surf
(ft)

39.55
38.44
37.62
37.09
36.85
36.90
37.24
37.87
38.78
39.98
41.47
43.25
45.31
47.65
50.28
53.18
56.35
59.80
63.52
67.51
71.76
76.27
81.04
86.06
91.33
96.84
98.69

Circle Center At X = 90.0 ; Y = 382.3 and Radius, 345.4

*** 2.042 ***



Failure Surface Specified By 19 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

X-Surf
(ft)

77.26
86.98
96.82
106.75
116.73
126.73
136.71
146.64
156.48
166.19
175.74
185.10
194.24
203.11
211.69
219.94
227.85
235.37
242.36

Y-Surf
(ft)

48.52
46.15
44.37
43.18
42.58
42.59
43.19
44.39
46.18
48.56
51.51
55.03
59.11
63.72
68.86
74.50
80.63
87.22
94.12

Circle Center At X = 121.7 ; Y = 209.5 and Radius, 167.0

*** 2.054 ***

Failure Surface Specified By 20 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

X-Surf
(ft)

58.95
68.87
78.84
88.84
98.84
108.81
118.75
128.61
138.39
148.05
157.58
166.95
176.15
185.14
193.92
202.45
210.72
218.72
226.41
227.67

Y-Surf
(ft)

42.58
41.34
40.57
40.29
40.49
41.17
42.32
43.96
46.06
48.63
51.66
55.15
59.08
63.45
68.25
73.46
79.08
85.09
91.47
92.62



Circle Center At X = 89.7 248.4 and Radius, 208.1

*** 2.063 ***

Failure Surface Specified By 25 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

X-Surf
(ft)

40.63
50.59
60.57
70.57
80.57
90.56

100.54
110.50
120.41
130.29
140.11
149.86
159.54
169.14
178.65
188.06
197.35
206.53
215.57
224 .49
233.25
241.86
250.31
258.59
259.45

Y-Surf
(ft)

38.91
38.01
37.42
37.15
37.18
37.53
38.19
39.16
40.43
42 .02
43.92
46.12
48.62
51.42
54.52
57.92
61.60
65.58
69.84
74.37
79.19
84.27
89.62
95 .24
95.86

Circle Center At X = 74.4 ; Y = 357.9 and Radius, 320.8

*** 2. 081 ***

Failure Surface Specified By 19 Coordinate Points

Point
No.

1
2
3
4
5
6

X-Surf
( f t )

58.95
68.58
78.37
88.28
98.25

108.25

Y-Surf
( f t )

42.58
39.89
37.85
36.48
35.79
35.76



7
8
9
10
11
12
13
14
15
16
17
18
19

118.23
128.14
137.94
147.59
157.03
166.23
175.15
183.74
191.96
199.78
207.16
214.08
219.66

36.41
37.74
39.72
42.37
45.66
49.58
54.11
59.23
64.92
71.15
77.89
85.12
91.80

Circle Center At X = 103.6 ; Y = 183.9 and Radius, 148.2

*** 2.113 ***

Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Circle Center At X = 92.8 ; Y = 289.5 and Radius, 254.1

*** 2.123 ***

46.74
56.61
66.53
76.50
86.49
96.49
106.48
116.45
126.39
136.27
146.09
155.82
165.46
174.98
184.38
193.64
202.73
211.66
220.41
228.95
237.29
245.40
253.28
257.00

39.55
37.93
36.71
35.87
35.43
35.38
35.72
36.46
37.58
39.10
41.01
43.30
45.97
49.02
52.44
56.23
60.38
64.88
69.73
74.92
80.45
86.30
92.46
95.61



Failure Surface Specified By 16 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 71.16 46.54
2 80.38 42.67
3 89.97 39.82
4 99.80 38.02
5 109.78 37.30
6 119.77 37.65
7 129.67 39.08
8 139.35 41.57
9 148.71 45.09
10 157.64 49.60
11 166.02 55.05
12 173.77 61.37
13 180.80 68.49
14 187.01 76.32
15 192.34 84.78
16 193.51 87.17

Circle Center At X = 111.5 ; Y. = 129.8 and Radius, 92.5

*** 2.127 ***

Failure Surface Specified By 22 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 89.47 52.49
2 98.89 49.12
3 108.49 46.31
4 118.24 44.09
5 128.10 42.47
6 138.05 41.44
7 148.04 41.01
8 158.04 41.18
9 168.01 41.95
10 177.92 43.32
11 187.72 45.29
12 197.39 47.84
13 206.89 50.97
14 216.18 54.67
15 225.23 58.92
16 234.01 63.71
17 242.48 69.02
18 250.62 74.82
19 258.40 81.11
20 265.78 87.86
21 272.75 95.03
22 274.81 97.43

Circle Center At X = 150.2 ; Y = 207.0 and Radius, 166.0



*** 2.154 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date: 1-22-96
Time of Run:
Run By: RES
Input Data Filename: sectdubq.dat
Output Filename: sectdubq.out
Plotted Output Filename: sectdubq.plt

PROBLEM DESCRIPTION Skinner-Sect DD-Undrained-Block-Equake

BOUNDARY COORDINATES

9 Top Boundaries
15 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below End

1 4.00 27.00 9.00 27.00 4
2 9.00 27.00 15.00 28.00 4
3 15.00 28.00 22.00 32.00 4
4 22.00 32.00 32.00 38.00 3
5 32.00 38.00 51.00 40.00 3
6 51.00 40.00 88.00 52.00 1
7 88.00 52.00 100.00 56.00 3
8 100.00 56.00 202.00 90.00 2
9 202.00 90.00 300.00 100.00 2
10 100.00 56.00 300.00 67.00 3
11 51.00 40.00 72.00 42.00 3
12 72.00 42.00 88.00 52.00 3
13 22.00 32.00 300.00 48.00 4
14 4.00 25.00 20.00 25.00 5
15 20.00 25.00 300.00 40.00 5

ISOTROPIC SOIL PARAMETERS

5 Type(s) of Soil



Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4
5

125,
125.
125,
125,
150.0

135.0
135.0
135.0
135.0
150.0

750.0
200.0
1500.0
1500.0
8000.0

.0
23.0

.0

.0

.0

.00

.00

.00

.00

.00

0
0
0
0
0

1
1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

15.00
55.00
100.00
300.00

Y-Water
(ft)

28.00
35.00
40.00
58.00

A Horizontal Earthquake Loading Coefficient
Of .150 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Randcru
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

The Active And Passive Portions Of The Sliding Surfaces
Are Generated According To The Rankine Theory.

200 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 10.0



Box X-Left Y-Left X-Right Y-Right Height
No. (ft) (ft) (ft) (ft) (ft)

1 48.00 34.00 88.00 36.00 10.00
2 152.00 40.00 220.00 44.00 10.00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 14 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 71.72 46.72
2 74.73 43.71
3 75.86 42.58
4 82.93 35.51
5 83.24 35.20
6 208.42 38.44
7 212.98 42.99
8 220.05 50.06
9 ' 227.12 57.13
10 233.32 63.33
11 238.84 71.67
12 244.36 80.01
13 249.88 88.35
14 254.52 95.36

*** 1.121 ***

Failure Surface Specified By 13 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 57.43 42.08
2 58.77 40.74
3 65.04 34.48
4 69.10 30.41
5 217.32 42.85
6 217.74 43.27
7 224.81 50.34
8 231.89 57.41
9 238.07 63.59
10 243.59 71.93
11 249.11 80.27
12 254.63 88.61



13 259.43 95.86

*** 1.126 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13

X-Surf
( f t )

60.96
63.04
69.46
73.75

205.57
206.31
213.38
220.45
226.66
232.18
237.70
243.22
247 .64

Y-Surf
(ft)

43.23
41.15
34.73
30.44
41.87
42.61
49.68
56.75
62.97
71.31
79.64
87.98
94.66

*** 1.127 ***

Failure Surface Specified By 12 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12

X-Surf
(ft)

49.46
55.38
59.53
217.52
219.20
226.27
233.34
239.52
245.04
250.56
256.08
260.92

Y-Surf
(ft)

39.84
33.92
29.77
41.68
43.35
50.42
57.49
63.67
72.01
80.35
88.69
96.01

*** 1.127 ***

Failure Surface Specified By 13 Coordinate Points



Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13

X-Surf
(ft)

56.42
57.55
63.77
67.77

201.25
203.12
210.20
217.27
223.49
229.01
234.53
240.05
2 4 4 . 3 6

Y-Surf
(f t)

41.76
40 .62
34.40
30.40
40.55
4 2 . 4 2
49.50
56.57
62.79
71.13
79.47
87.81
94.32

*** 1.129 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

55
56
62
65
215
216
223
230
237
242
248
253
258

.70

.69

.88

.66

.73

.73

.80

.87

.06

.58

.10

.62

.39

Y-Surf
(ft)

41.53
40.54
34.35
31.57
42.21
43.21
50.28
57.35
63.54
71.88
80.22
88.56
95.75

*** 1.141 ***

Failure Surface Specified By 13 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 66.95 45.17
2 70.28 41.84
3 76.96 35.16
4 79.88 32.24
5 203.78 42.40



6
7
8
9
10
11
12
13

203.84
210.91
217.98
224.21
229.73
235.25
240.77
245.10

42.47
49.54
56.61
62.83
71.17
79.51
87.85
94.40

*** 1.142 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13

X-Surf
( f t )

51.17
51.20
57.19
59.69

211.41
213.55
220.62
227.69
233.89
239.41
244.93
250.45
255.11

Y-Surf
(f t)

40.05
40.02
34.03
31.53
40.89
43.02
50.10
57.17
63.36
71.70
80.04
88.38
95.42

*** 1.145 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13

X-Surf
( f t )

62.77
65.23
71.72
74.96

192.22
193.86
200.93
208.00
214.25
219.77
225.29
230.81
234.81

Y-Surf
( f t )

43 .82
41.35
34.86
31.62
40 .26
41.89
48.96
56.03
62 .28
70.62
78.96
87.30
93.35



*** 1.145 ***

Failure Surface Specified By 12 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12

X-Surf
(ft)

66.59
69.85
76.51
78.83
211.01
218.09
225.16
230.99
236.51
242.03
247.55
252.11

Y-Surf
(ft)

45.06
41.80
35.14
32.82
43.23
50.30
57.37
63.20
71.54
79.88
88.22
95.11

*** 1.147 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date: 1-22-96
Time of Run:
Run By: RES
Input Data Filename: sectduq.dat
Output Filename: sectduq.out
Plotted Output Filename: sectduq.plt

PROBLEM DESCRIPTION Skinner-Sect DD-Undrained-Equake

BOUNDARY COORDINATES

9 Top Boundaries
15 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X-Left
(ft)

4.00
9.00
15.00
22.00
32.00
51.00
88.00
100.00
202.00
100.00
51.00
72.00
22.00
4.00
20.00

Y-Left
(ft)

27.00
27.00
28.00
32.00
38.00
40.00
52.00
56.00
90.00
56.00
40.00
42.00
32.00
25.00
25.00

X-Right
(ft)

9.00
15.00
22.00
32.00
51.00
88.00
100.00
202.00
300.00
300.00
72.00
88.00
300.00
20.00
300.00

Y-Right
(ft)

27.00
28.00
32.00
38.00
40.00
52.00
56.00
90.00
100.00
67.00
42. 00
52.00
48. 00
25.00
40.00

Soil Type
Below Bnd

4
4
4
3
3
1
3
2
2
3
3
3
4
5
5

ISOTROPIC SOIL PARAMETERS

5 Type(s) of Soil



Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (cleg) Param. (psf) No.

1
2
3
4
5

125.0
125.0
125.0
125.0
150.0

135.0
135.0
135.0
135.0
150.0

750.0
200.0

1500.0
1500.0
8000.0

.0
23.0

.0

.0

.0

.00

.00

.00

.00

.00

0
0
0
0
0

1
1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

15.00
55.00
100.00
300.00

Y-Water
(ft)

28.00
35.00
40.00
58.00

A Horizontal Earthquake Loading Coefficient
Of .150 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = . 0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified,

400 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X = 4.00 ft.

and X = 120.00 ft.

Each Surface Terminates Between X = 160.00 ft.
and X = 290.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 15.00 ft.



10.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 26 Coordinate Points

Point
No.

l
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

X-Surf
(ft)

65.05
74.51
84.12
93.85
103.68
113.59
123.56
133.55
143.55
153.53
163.47
173.34
183.12
192.79
202.33
211.70
220.89
229.88
238.64
247.15
255.40
263.36
271.01
278.34
285.33
286.87

Y-Surf
(ft)

44.56
41.31
38.54
36.23
34.41
33.07
32.22
31.86
31.99
32.60
33.71
35.30
37.37
39.92
42.95
46.43
50.37
54.76
59.58
64.82
70.48
76.53
82.97
89.77
96.92
98.66

Circle Center At X = 135.9 ; Y = 235.8 and Radius, 204.0

*** 1.090 ***

Failure Surface Specified By 25 Coordinate Points

Point
No.

X-Surf
(ft)

Y-Surf
(ft)



"I___

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

77.26
86.72
96.33
106.07
115.91
125.83
135.80
145.80
155.80
165.77
175.69
185.53
195.27
204.88
214.34
223.62
232.69
241.55
250.15
258.49
266.53
274.26
281.66
288.71
289.73

48.52
45.27
42.51
40.24
38.47
37.20
36.44
36.18
36.44
37.20
38.47
40.24
42.51
45.28
48.52
52.25
56.44
61.09
66.18
71.71
77.65
83.99
90.72
97.82
98.95

Circle Center At X = 145.8 ; Y = 232.7 and Radius, 196.5

*** 1.171 ***

Failure Surface Specified By 23 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

83.37
92.39

101.68
111.20
120.92
130.77
140.72
150.71
160.71
170.65
180.50
190.21
199.72
209.00
218.00
226.68
234.99
242.91
250.38

50.50
46.17
42.48
39.44
37.06
35.36
34.34
34.01
34.38
35.43
37.17
39.58
42 .65
46.38
50.74
55.70
61.26
67.38
74 .02



20
21
22
23

257.37
263.85
269.80
269.86

Circle Center At X

81.17
88.79
96.83
96.92

150.5 ; Y = 178.8 and Radius, 144.8

*** 1.175 ***

Failure Surface Specified By 23 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

X-Surf
(ft)

77.26
86.62
96.17
105.89
115.73
125.66
135.64
145.64
155.62
165.54
175.38
185.08
194.62
203.96
213.06
221.90
230.44
238.65
246.50
253.96
261.01
267.61
268.20

Y-Surf
(ft)

48.52
44.99
42.03
39.66
37.88
36.69
36.11
36.14
36.76
38.00
39.82
42.24
45.25
48.82
52.95
57.63
62.83
68.54
74.73
81.39
88.49
96.00
96.75

Circle Center At X = 140.2 ; Y = 201.3 and Radius, 165.3

*** . 199 ***

Failure Surface Specified By 23 Coordinate Points

Point
No.

1
2
3
4

X-Surf(ft)
95.58
104.50
113.71
123.16

Y-Surf
(ft)

54.53
50.01
46.11
42.84



5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

132.81
142.61
152.53
162.51
172.51
182.48
192.38
202.17
211.80
221.22
230.39
239.27
247.83
256.01
263.79
271.12
277.98
284.33
287.60

40.21
38.24
36.94
36.31
36.35
37.07
38.46
40.52
43.23
46.59
50.57
55.16
60.34
66.09
72.38
79.17
86.45
94.17
98.73

Circle Center At X = 166.9 ; Y = 184.3 and Radius, 148.1

*** 1.209 ***

Failure Surface Specified By 23 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

x-surf
(ft)

101.68
110.42
119.48
128.83
138.41
148.17
158.06
168.03
178.03
188.01
197.90
207.67
217.26
226.62
235.70
244.46
252.84
260.80
268.31
275.32
281.80
287.70
288.74

Y-Surf
(ft)

56.56
51.69
47.47
43.91
41.03
38.86
37.40
36.65
36.63
37.34
38.76
40.89
43.73
47.25
51.44
56.27
61.73
67.77
74.38
81.51
89.13
97.20
98.85

Circle Center At X = 173.3 ; Y = 174.8 and Radius, 138.2



*** 1.229 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

X-Surf
(ft)

46.74
56.49
66.33
76.24
86.20
96.19
106.19
116.19
126.15
136.06
145.91
155.67
165.32
174.85
184.24
193.46
202.51
211.36
219.99
228.39
236.55
244.44
252.05
258.00

Y-Surf
(ft)

39.55
37.35
35.58
34.25
33.35
32.90
32.89
33.32
34.19
35.50
37.24
39.42
42.03
45.06
48.51
52.37
56.63
61.29
66.34
71.76
77.55
83.69
90.17
95.71

Circle Center At X = 101.5 ; Y = 259.3 and Radius, 226.4

*** 1.248 ***

Failure Surface Specified By 25 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11

X-Surf
( f t )

52.84
62 .67
72.57
82.51
92.48

102.48
112.48
122.47
132.43
142.36
152.24

Y-Surf
(f t )

40 .60
38.76
37.31
36 .23
35.53
35.21
35.27
35.71
36.53
37.73
39.31



12
13
14
15
16
17
18
19
20
21
22
23
24
25

162.04
171.77
181.40
190.92
200.31
209.57
218.68
227.63
236.39
244.97
253.35
261.51
269.44
275.57

41.27
43.60
46.29
49.35
52.78
56.55
60.68
65.15
69.96
75.10
80.57
86.34
92.43
97.51

Circle Center At X = 105.9 ; Y = 297.5 and Radius, 262.3

*** 1.248 ***

Failure Surface Specified By 22 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

X-Surf
(ft)

101.68
110.68
119.94
129.44
139.13
148.97
158.90
168.89
178.89
188.85
198.73
208.47
218.05
227.41
236.51
245.30
253.76
261.83
269.49
276.69
283.41
289.14

Y-Surf
(ft)

56.56
52.18
48.42
45.30
42.83
41.02
39.88
39.41
39.62
40.51
42.07
44.30
47.18
50.70
54.85
59.61
64.95
70.85
77.28
84.22
91.63
98.89

Circle Center At X = 170.8 ; Y = 187.0 and Radius, 147.6

*** 1.264 ***

Failure Surface Specified By 21 Coordinate Points



Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Circle Center At X = 182.7 ; Y = 150.9 and Radius, 113.5

*** 1.291 ***

113.90
122.11
130.79
139.88
149.30
158.97
168.84
178.80
188.80
198.76
208.58
218.21
227.56
236.57
245.15
253.25
260.81
267.76
274.05
279.63
283.21

60.63
54.93
49.97
45.79
42 .43
39.91
38.25
37.47
37.56
38.54
40.39
43.09
46.64
50.99
56.11
61.97
68.53
75.72
83.49
91.79
98.29
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** PCSTABL4 **

by
Purdue University

—Slcpe Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date: 1-22-96
Time of Run:
Run By: RES
Input Data Filename: sectdub.dat
Output Filename: sectdub.out
Plotted Output Filename: sectdub.plt

PROBLEM DESCRIPTION Skinner-Sect DD-Undrained-Block

BOUNDARY COORDINATES

9 Top Boundaries
15 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below End

1 4.00 27.00 9.00 27.00 4
2 9.00 27.00 15.00 28.00 4
3 15.00 28.00 22.00 32.00 4
4 22.00 32.00 32.00 38.00 3
5 32.00 38.00 51.00 40.00 3
6 51.00 40.00 88.00 52.00 1
7 88.00 52.00 100.00 56.00 3
8 100.00 56.00 202.00 90.00 2
9 202.00 90.00 300.00 100.00 2
10 100.00 56.00 300.00 67.00 3
11 51.00 40.00 72.00 42.00 3
12 72.00 42.00 88.00 52.00 3
13 22.00 32.00 300.00 48.00 4
14 4.00 25.00 20.00 25.00 5
15 20.00 25.00 300.00 40.00 5

ISOTROPIC SOIL PARAMETERS

5 Type(s) of Soil



Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4
5

125,
125
125,
125,
150.0

135.0
135.0
135.0
135.0
150.0

750.0
200.0
1500.0
1500.0
8000.0

.0
23.0

.0

.0

.0

.00

.00

.00

.00

.00

,0
,0
,0
,0
,0

1
1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

15.00
55.00
100.00
300.00

Y-Water
(ft)

28.00
35.00
40.00
58.00

A Horizontal Earthquake Loading Coefficient
Of .000 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

The Active And Passive Portions Of The Sliding Surfaces
Are Generated According To The Rankine Theory.

200 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 10.0



Box
No.

1
2

X-Left
(ft)

48.00
152.00

Y-Left
(ft)

34.00
40.00

X-Right
(ft)

88.00
220.00

Y-Right
(ft)

36.00
44.00

Height
(ft)

10.00
10.00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

62.77
65.23
71.72
74.96
192.22
193.86
200.93
208.00
214.25
219.77
225.29
230.81
234.81

Y-Surf
(ft)

43.82
41.35
34.86
31.62
40.26
41.89
48.96
56.03
62.28
70.62
78.96
87.30
93.35

*** 1.758 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

56.
57.
63.
67.

201.
203.
210.
217.
223.
229.
234.
240.
244.

42
55
77
77
25
12
20
27
49
01
53
05
36

Y-Surf
(ft)

41.76
40.62
34.40
30.40
40.55
42.42
49.50
56.57
62.79
71.13
79.47
87.81
94.32



*** 1.762 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

60.96
63.04
69.46
73.75
205.57
206.31
213.38
220.45
226.66
232.18
237.70
243.22
247.64

Y-Surf
(ft)

43.23
41.15
34.73
30.44
41.87
42.61
49.68
56.75
62.97
71.31
79.64
87.98
94.66

*** 1.772 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

53.33
53.82
59.90
61.95
190.83
194.30
201.37
208.44
214.69
220.21
225.73
231.25
235.27

Y-Surf
(ft)

40.76
40.27
34.18
32.13
38.45
41.92
48.99
56.06
62.31
70.65
78.99
87.32
93.39

*** 1.773 ***

Failure Surface Specified By 13 Coordinate Points



Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

69.11
72.61
79.67
82.15
183.19
184.59
191.66
198.73
205.01
210.53
216.05
221.56
225.26

Y-Surf
(ft)

45.87
42.38
35.32
32.84
39.96
41.36
48.43
55.50
61.78
70.11
78.45
86.79
92.37

*** 1.779 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf
(ft)

68.76
72.32
79.22
81.09
190.43
191.39
198.46
205.53
211.79
217.31
222.83
228.35
232.27

Y-Surf
(ft)

45.76
42.20
35.29
33.42
40.79
41.75
48.82
55.89
62.15
70.49
78.83
87.17
93.09

*** 1.782 ***

Failure Surface Specified By 13 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 66.95 45.17
2 70.28 41.84
3 76.96 35.16
4 79.88 32.24
5 203.78 4 2 . 4 0



6
7
8
9
10
11
12
13

203.84
210.91
217.98
224.21
229.73
235.25
240.77
245.10

42.47
49.54
56.61
62.83
71.17
79.51
87.85
94.40

*** 1.793 ***

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

X-Surf
(ft)

71.72
74.73
75.86
82.93
83.24
208.42
212.98
220.05
227.12
233.32
238.84
244.36
249.88
254.52

Y-Surf
(ft)

46.72
43.71
42.58
35.51
35.20
38.44
42.99
50.06
57.13
63.33
71.67
80.01
88.35
95.36

*** 1.795 ***

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13

X-Surf(ft)
71.93
74.90
76.13
83.20
84.69
185.91
186.76
193.83
200.90
207.17
212.69
218.21
223.73

Y-Surf
(ft)

46.79
43.81
42.59
35.52
34.03
40.64
41.48
48.55
55.62
61.89
70.23
78.57
86.91



14 227.49 92.60

*** 1.803 ***

Failure Surface Specified By 12 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12

X-Surf(ft)
49.56
55.48
57.30

202.58
205.74
212.81
219.88
226.10
231.62
237.13
242.65
247.05

Y-Surf
(f t )

39.85
33.93
32.11
39.42
42.57
49.65
56.72
62.94
71.27
79.61
87.95
94 .60

*** 1.809 ***
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** PCSTABL4 **

by
Purdue University

—Slope Stability Analysis—
Simplified Janbu Method of Slices

or Simplified Bishop Method

Run Date: 1-22-96
Time of Run:
Run By: RES
Input Data Filename: sectdu.dat
Output Filename: sectdu.out
Plotted Output Filename: sectdu.plt

PROBLEM DESCRIPTION Skinner-Sect DD-Undrained

BOUNDARY COORDINATES

9 Top Boundaries
15 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X-Left
(ft)

4.00
9.00

15.00
22.00
32.00
51.00
88.00
100.00
202.00
100.00
51.00
72.00
22.00
4.00
20.00

Y-Left
(ft)

27.00
27.00
28.00
32.00
38.00
40.00
52.00
56.00
90.00
56.00
40.00
42.00
32.00
25.00
25.00

X-Right
(ft)

9.00
15.00
22.00
32.00
51.00
88.00
100.00
202.00
300.00
300.00
72.00
88.00
300.00
20.00
300.00

Y-Right
(ft)

27.00
28.00
32.00
38.00
40.00
52.00
56.00
90.00
100.00
67.00
42.00
52.00
48.00
25.00
40.00

Soil Type
Below End

4
4
4
3
3
1
3
2
2
3
3
3
4
5
5

ISOTROPIC SOIL PARAMETERS

5 Type(s) of Soil



Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1
2
3
4
5

125.0
125.0
125.0
125.0
150.0

135.0
135.0
135.0
135.0
150.0

750.0
200.0

1500.0
1500.0
8000.0

.0
23.0

.0

.0

.0

.00

.00

.00

.00

.00

,0
,0
,0
,0
,0

1
1
1
1
1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point
No.

1
2
3
4

X-Water
(ft)

15.00
55.00
100.00
300.00

Y-Water
(ft)

28.00
35.00
40.00
58.00

A Horizontal Earthquake Loading Coefficient
Of .000 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

400 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X = 4.00 ft.

and X = 120.00 ft.

Each Surface Terminates Between X = 160.00 ft.
and X = 290.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 15.00 ft.



10.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 26 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

X-Surf(f t )
65.05
74.51
84.12
93.85

103.68
113.59
123.56
133.55
143.55
153.53
163.47
173.34
183.12
192.79
202.33
211.70
220.89
229.88
238.64
247.15
255.40
263.36
271.01
278.34
285.33
286.87

Y-Surf
(ft)

44 .56
41.31
38.54
36.23
34.41
33.07
32.22
31.86
31.99
32.60
33.71
35.30
37.37
39.92
42 .95
46 .43
50.37
54.76
59.58
64.82
70.48
76.53
82.97
89.77
96.92
98.66

Circle Center At X = 135.9 ; Y = 235.8 and Radius, 204.0

*** 1.758 ***

Failure Surface Specified By 23 Coordinate Points

Point
No.

X-Surf
(ft)

Y-Surf
(ft)



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Circle Center At X - 150.5 ; Y = 178.8 and Radius, 144.8

83.37
92.39

101.68
111.20
120.92
130.77
140.72
150.71
160.71
170.65
180.50
190.21
199.72
209.00
218.00
226.68
234.99
242.91
250.38
257.37
263.85
269.80
269.86

50.50
46.17
42.48
39.44
37.06
35.36
34.34
34.01
34.38
35.43
37.17
39.58
42.65
46.38
50.74
55.70
61.26
67.38
74.02
81.17
88.79
96.83
96.92

*** 1.877 ***

Failure Surface Specified By 23 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

X-Surf
(ft)

Y-Surf
(ft)

77.26
86.62
96.17

105.89
115.73
125.66
135.64
145.64
155.62
165.54
175.38
185.08
194.62
203 .96
213.06
221.90
230 .44
238.65
246.50
253.96
261.01

48.52
44.99
42 .03
39.66
37.88
36.69
36.11
36.14
36.76
38.00
39.82
4 2 . 2 4
45.25
48.82
52.95
57.63
62.83
68.54
74.73
81.39
88.49



22
23

267.61
268.20

96.00
96.75

Circle Center At X = 140.2 ; Y = 201.3 and Radius, 165.3

*** 1.901 ***

Failure Surface Specified By 25 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Circle Center At X = 145.8 ; Y = 232.7 and Radius, 196.5

77.26
86.72
96.33

106.07
115.91
125.83
135.80
145.80
155.80
165.77
175.69
185.53
195.27
204.88
214.34
223 .62
232 .69
241.55
250.15
258.49
266.53
274 .26
281.66
288.71
289.73

48.52
45.27
42.51
40.24
38.47
37.20
36.44
36.18
36.44
37.20
38.47
40.24
42.51
45.28
48.52
52.25
56.44
61.09
66.18
71.71
77.65
83.99
90.72
97.82
98.95

*** 1.912 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4

X-Surf
(ft)

46.74
56.49
66.33
76.24

Y-Surf
(ft)

39.55
37.35
35.58
34.25



5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

86.20
96.19
106.19
116.19
126.15
136.06
145.91
155.67
165.32
174.85
184.24
193.46
202.51
211.36
219.99
228.39
236.55
244.44
252.05
258.00

33.35
32.90
32.89
33.32
34.19
35.50
37.24
39.42
42.03
45.06
48.51
52.37
56.63
61.29
66.34
71.76
77.55
83.69
90.17
95.71

Circle Center At X = 101.5 / Y = 259.3 and Radius, 226.4

*** 1.923 ***

Failure Surface Specified By 21 Coordinate Points

X-Surf
(ft)

Y-Surf
(ft)

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Circle Center At X = 103.2 ; Y = 196.3 and Radius, 163.6

52.84
62.45
72 .20
82.08
92.03

102.02
112.02
121.98
131.88
141.66
151.31
160.77
170.02
179.02
187.73
196.13
204.19
211.86
219.13
225.97
229.88

40.60
37.81
35.62
34.03
33.04
32.67
32.90
33.74
35.20
37.25
39.90
43.13
46 .93
51.29
56.20
61.62
67.55
73.96
80.83
88.12
92.84

*** 1.943 ***



Failure Surface Specified By 19 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 77.26 48.52
2 85.86 43.41
3 94.93 39.21
4 104.40 35.97
5 114.14 33.72
6 124.06 32.49
7 134.06 32.28
8 144.03 33.11
9 153.85 34.96
10 163.44 37.81
11 172.68 41.64
12 181.47 46.39
13 189.73 52.03
14 197.37 58.49
15 204.30 65.70
16 210.45 73.59
17 215.75 82.07
18 . 220.15 91.04
19 220.46 91.88

Circle Center At X = 131.0 ; Y = 129.2 and Radius, 96.9

*** 1.944 ***

Failure Surface Specified By 25 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 52.84 40.60
2 62.67 38.76
3 72.57 37.31
4 82.51 36.23
5 92.48 35.53
6 102.48 35.21
7 112.48 35.27
8 122.47 35.71
9 132.43 36.53
10 142.36 37.73
11 152.24 39.31
12 162.04 41.27
13 171.77 43.60
14 181.40 46.29
15 190.92 49.35
16 200.31 52.78
17 209.57 56.55



218.68
227.63
236.39
244.97
253.35
261.51
269 .44
275.57

60.68
65.15
69.96
75.10
80.57
86.34
92.43
97.51

18
19
20
21
22
23
24
25

Circle Center At X = 105.9 ; Y = 297.5 and Radius, 262.3

*** 1.967 ***

Failure Surface'Specified By 20 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Circle Center At X = 108.3 ; Y = 170.2 and Radius, 136.8

*** 1.968 ***

Failure Surface Specified By 19 Coordinate Points

58.95
68.40
78.06
87.89
97.83

107.82
117.81
127.76
137.60
147.28
156.76
165.98
174.89
183.44
191.59
199.30
206.53
213.23
219.36
220 .49

42.58
39.31
36.74
34.89
33.76
33.35
33.68
34.74
36.52
39.01
42.20
46.08
50.62
55.80
61.59
67.96
74.87
82.30
90.19
91.89

Point
No.

1
2
3

X-Surf
(ft)

83.37
92.25
101.52

Y-Surf
(ft)

50.50
45.91
42.14



4
5
6
7
8
9

n 10
'"'"" 11

12
13
14
15
16
17
18
19

111.08
120.87
130.81
140.81
150.78
160.66
170.35
179.78
188.87
197.54
205.73
213.36
220.38
226.72
232.33
235.11

39.23
37.20
36.06
35.83
36.50
38.07
40.54
43.87
48.04
53.02
58.76
65.22
72.35
80.08
88.36
93.38

Circle Center At X = 138.4 ; Y = 146.1 and Radius, 110.3

*** 1.971 ***


